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ll W FOR DC OR RESISTANCE INPUT 


Moves, 200-A uses an input of 10,000 
ohm resistance potentiometers as an in 
put transducer providing 10 to | seal 
expansion and origin positioning. Avail 
able standard digital input accessoric 
are essentially inputs of this type. Any 
resistance potentiometer will provide wn 
analog input for this configuration 
Mover 200-B, used for D.C. signal input 
has full scale sensitivities of 5 milli 
volts and an input impedance of 1,000 
Utilizing standard reference 
cells, this model provides drift-free 
operation. Available external reference 
voltages may be substituted, A plug con 
nection is provided to facilitate the quick 


megohmes 


interchangeability of input section 


ll W FOR SIMPLIFIED OPERATION 


Precision Vernier Dials provide an accu 
rate method for obtaining fine adjust 
ment during operation Optional point 
plot or continuous line plotting is a 


Selection is by 
front panel manual control. A new, sim 


feature of both model 


plified pen of one-piece design-used for 
point or continuous plotting—eliminates 
bottles and tubes, permits rapid chang- 
ing of ink colors, Independent action of 
the X and Y axis is achieved with Libra 
copes unique “Floating Gear Train 
No cables, tapes or lead screws to cause 
lost motion, cable stretching or drift 
ing out of alignment. The 120° concave 
cylindrical plotting surface provides full 


visibility ...is completely illuminated 


ll W FOR WIDER APPLICATION 


These fast, de lm ndable 
plotters feature 0.1% accuracy, are suit 


reneral purpose 


ed for wide application where rapid 
graphic presentation of data is required 
uch as: laboratory testing computer 
wind tunnel, mi 


sile tr icking ind quality control testing 


data handling system 


of transistors and other electronic compo 
Punched 
Card and Tape Converters, Decimat 
Keyboards and Binary Converters. Mode] 
200-A can plot from Flexowriter tape in 
any code or directly from the Tape Punch 


nents Input selection includes 


cables of many digital computers Sub 
chassis can be supplie d to h indl tine 

shared X versus Y plot or other spe- 
cial circuitry. Write today for details. 


LIBRASCOPE X-VY PLOTTE Fr 


HIGHEST ACCURACY FOR 


NEW LIBRASCOPE PUNCHED TAPE CONVERTER 
Operates from a punched tape reader — Spec 
lally designed for Librascope X-Y Piotters— 
This unit is adaptable to other plotters. 


LIBRASCOPE INCORPORATED 


BOB WESTERN AVENUE 


GRAPHIC DATA HANDLING 





LIBRASCOPE PUNCHED CARD CONVERTER 
Converts punched card data to analog form 
for input to X-Y Plotters. Automatic Position 
for feeding 50 punched cards per minute 


GLENDALE, CALIFORNIA 





where can you match the precision 


performance 


Olmtalis 


electronic 
multiplier ? 


Fas in a neat nutshell—is what you get in the 
new, improved GEDA N3A and N3B elec- 
tronic multipliers; here is unrivaled performance, 
precision-engineered by Goodyear Aircraft: 


% Guaranteed accuracy over ENTIRE range 
throughout ALL FOUR quadrants. 


% Maintains specified accuracy FOR 30 DAYS 
WITHOUT RECALIBRATION—and it features a 
new, rapid, simple calibration procedure. 


% New, convenient switching for choice of 
internal or external reference signals. 

% AUTOMATIC STABILIZATION of ENTIRE 
MULTIPLIER against drift and changes in tube 
characteristics. 

% New, precision components insure high 
reliability. Plug-in, sub-chassis construction 
for easiest maintenance. 

% AUTOMATIC INDICATION TO OPERATOR 
of excessive input signals or any malfunction 
of multiplier. 


=» ANALOG COMPUTERS — best way to give your hunch a chance! 


- GOODZYEAR AIRCRAFT 


a 
- 
_-——_ 
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% AUTOMATIC INDICATION TO MAINTE- 
NANCE TECHNICIAN of individual circuit 
malfunction. 


A Goodyear Engineering Report, GER-4952, is 
available which describes the principle of opera 
tion of the GEDA electronic multiplier. To obtain 
your copy and a complete description of the GEDA 
line, address your inquiry to: Goodyear Aircraft 
Corporation, Department 931GM, Akron 15, Ohio. 


PS. We are proud to announce the latest addition 
to the famed GEDA line—the new dual-channel, 
stabilized noise generator. Of particular value in 
operational research, precision control and propa 
gation problems, this new unit is one of the 13 
versatile analog computing elements that make 
GEDA the most advanced, most flexible electronic 


differential analyzer available today 


GEDA~—T.M. Goodyear Aireraft Corpor 
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Potter & Brumfield 
(=) RELAYS 


Reduce (ssemaly Costs 


Whether your design calls for a large open relay or a miniature sealed one, P&B can 
supply it with any type of mounting or termination you desire. 

P&B’s engineering foresight has anticipated your assembly problems; designing, 
versatility and flexibility into each of their relay types. 


Let our engineering group with a quarter century of 
relay “know how” become part of your design team. 
Send your specifications for recommendations 

and quotations. 


For quick delivery over 350 different standard relays stocked by 500 
Franchised Electronic Parts Distributors throughout the 
United States and Canada. 


Ritter s “Brun i 


SUBSIDIARY OF AMERICAN MACHINE AND FOUNDRY 








Clip-on Tube type AN type Standard Up to 14 pin 
solderiess octal plug connector screw terminals plug-in 
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differential 
pressure 
transducers 


e 


-_ anges: 4.2.5 to 


* 25 psid and 


0-5 to 0-150 psid 


- of Reliable Statham unbonded strain 
gage transduction 


Minimum response to vibration 
or acceleration 


<x Temperature compensation 


over 315°F 


. interval 


Model P134 Pressure Transducers 
for the measurement of differential 
pressures are described fully in 
Pulletin MPT-134 
available upon request 


LABORA 


CONTROL 
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Lo» Angeles 64, Calit, 
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SHOPTALK 


MENU PLANNING FOR ‘56 


Trudging cross-town on jangling 42nd street one brisk 
day we got the idea—by most devious means, you'll sec 
tor this month’s cover. Somewhere between 7th and 8th 
avenues, eves downcast to avoid the lurid distractions, we 
niffed the air and smelled roast beef. With this our head 
jerked up and there we saw fHE AUTOMAT. Do 
control engineers like to eat at the Automat, we mused 
Does the idea of push-button selecting a meal (system 
from food components satisfy technical as well as gas 
tronomic inclinations? Right then and there we decided 
to investigate the approach on this month's cover 

Our idea was to make our cover a literary Automat: to 
display our editorial menu for 1956 in nice sanitary boxes 
that could be eyed by the hungry subscriber and planned 
into future hours of epicurean reading. Our master Chef 
\rt Director Jack Gordon—was all poised with skillet and 
easel to serve up the viands. But what? Where? And how? 
We were faced with the formidable problem of classifying 
control information into courses and dishes and putting it 
on shelves. ‘lake the individual servings. Would, for 
example, a steel mill man consider a computer a component 
or a system? (Is the tomato a vegetable or a fruit?) And 
how create the courses? Are process control and produc 
tion control as clearly different as fish and meat? Also, 
could one make a genus of digital techniques—much lik 
one would group beer and milk into beverages? W< 
pondered . . . and Jack’s skillet grew cold, his easel drooped 


THREE MAIN COURSES, plus aperitifs 


Finally, the menu was planned. As the cover shows, we 
gave Jack three main counters to vend our dishes on 
assuming that any hungry control engineer will always 
require a full meal of components, design tools, and 
systems stuff. ‘hen we offered the discriminating reader a 
choice. Would he prefer to sample available components? 
Or would he prefer to mix his own salad? Would he like a 
graph or an equation for his main course? Does he enjoy 
a dessert that is fluid—or discrete? Luckily, the space on a 
cover is limited. Hlence we could only present a brief 
sample of our editorial fare for 1956. We could not list the 
many carefully selected aperitifs (PULSE, PERSONALI 
IES, NEWS, etc.) that will garnish each month’s menu 
Nor myriad other dishes that are planned (but hard to 
classify). But we hope that what is listed will whet the 
appetite and result in hearty reading in the year ahead 





your critical positioning problems with the 





SAGINAW 


ball /bearing 


CREW! 


Typical miniature Saginow b/b Screw spe- 
cially engineered for electronics application. 
Length: 3 inches; weight: 2. ounces. Other 
units have been built as short as 1'/2 Inches. 


Compact, “‘flyweight’”’ design... hairbreadth precision... zero torque... ‘‘fleapower”’ 
operation ... unprecedented efficiency and dependability make these units ideal for 
positioning controls in transducers and similar applications 





Operating on glide on steel -- (ee 
a remarkably . balls recir- SAGINAW DESIGN ADVANTAGES 
small amount ‘ culating in Saginew pioneered the ball-serew principle in 

© America, w the fret volume producer, hase both 
of power be- closed-circuit superior know-how and production facilities, In 
cause of its raceways addition, Saginaw b/b Screws offer three basic design 


P - . advantages 

90°), to 95°% efficiency, the Saginaw In many types of electrical and 1. FAIL-SAFE MULTIPLE CIRCUITS — no 
ball bearing Screw can translate electronic equipment where space drone or spacer baile, Saves weight, assures more 
; cee “aa ; f ce ggg ‘ dependability 

rotary to linear motion (or vice and we ight are critical and the 2 GOTHIC ARCH GROOVE DESIGN — per 
versa) far more efficiently than any positioning of controls must be closer lash control, amoother 

other type of mechanism known, precise, the Saginaw b/b Screw has ' 


Instead of sliding, mating surfaces proved the perfect solution. 


operation, de 


YOKE DEFLECTOR climinates possibility 
of jamming ae balle enter return tube-—-an added 
safety factor 


BOTH ROLLED-THREAD AND MACHINE-GROUND TYPES AVAILABLE 








Rolled-Thread Saginaw b/b Screws efficiently. Where the ultimate in 
are available in a choice of 7 stand- precision and dependability is re- Utilizing the 

ard sizes, practically any serew quired, Machine-Ground Saginau | principle, Sa 

length. They are competitive in b/b Screws are specially engineered ereases the cficlency of tronsmisting 
cost with standard Acme screws, for each specific application. We of retaining high torque loads 


yet will function 4 to 5 times more have built highly successful units Averages @ times lower friction 
© coefficient than «sliding eplines! 


Saginaw bb 


FROM 1% IN. TO 39% FT. IN LENGTH dutch dogs, beering ond opvochet ¢ 


ge, bearing and eprocket seats 
ote or use with a wide variety of eler 
trical enite, AVAILABLE IN ALMOST 
ANY SIZE. (CL nite have heen engineered 
as emell ae % IN. IN DIAMETER.) 


MAL COUPOH TODAY FOR ENGINEERING DATA 
& Saginaw Steering Gear Division 

Boll Bearing Sci ew and Spline Operation 

General Motors Corpor atior 

Dept 14M, Saginew, Michigan 


Please send detailed infor tion on 


() Saginew b/b Screws () Seginew b /b Splines 
| om interested 
in their application t 
Nome— Title 
aring Firm 


Addrew 


Screws =. $plines Ciny 
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CELESTIAL NAVIGATION — Link Aviation's high-speed, high altitude celestial navigation trainer; only such trainer capable of 


simulating trans-Polar flight. Trains navigators in techniques of guiding planes by the stars 


The controls on the world’s fastest submarine; the most 
ta advanced airborne navigation system known to exist; other 
similarly advanced military systems and equally advanced 
industrial equipment and control systems are outstanding 
examples of the work of the producing companies of Gen 
Om ro 3 eral Precision Equipment Corporation. More than a dozen 
major industries are served by instrumentation and sys 
tems designed, developed and produced by GPE Con 
panies 
Ten of the companies in the GPE Group 
Askania, Kearfott, Librascope and Link Aviation 


substantial resources to the development and mar 


of instruments, servos and controls. These are 
equipment and systems developed by these con 
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PROCESS CONTROL ~—Askonia controls 


regulate speed c 


f the ten turbines which 
develop compression to maintain gas suc 
tion pressure in Creole Petroleum Corpora 
tion's giant, pile-supported oil drilling 
operation on Lake Maracaibo, Venezuela 


SUBMARINE OPERATION 
produced by Askania Regulator 
govern operation of U. § 


> 
submarine: 


Controls developed and 


MISSILE GUIDANCE 
equipped with Kearfott basi 
Matade U Air For 


} 
ti weapor 


Company are 


utilized 


Navy's modern (¢ ¢ 


JUPPpy ype i ) es 
ta a 


@ Manulacturing OOO Manutacturing product development ond sesearch 
OO Manutacturing and product development Gwe Pilot (M6. product and research 


000 86 Se(ee 80600 66666 60 86 20000606 





CAPACITIES 


themselv« as we tem 


and produced by 


lias in and equipment deve held 


other manufacturers of 
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of technical competence, ¢ 
advanced techr has at it i 


command, as required, th 
of the other GPE ¢ 


Interrelation of the 


logical equipment 
All GPE Producing Companies work 


zed tec hnique 
held 
through GPE 


Precision 


I 


n the advancer 
areas of highly specialized fields and are engaged in the 


pective 


basic operating pol 
desig 


which is 


evelopment, manufacture and sale of equipment 


lechnolog 
closely related from a technical point ol vit It 


thi 


ol prec 


In all area 
' 


work 


Variet\ 


¢ coordination ha ee! 


is all precision equipment; it derives from similar fields o 


sion equipmel to} 
' . 


technical competence 
achieves ults achieved with even 
limited use of on-the-spot manpower. The chart here show 
the specialized fields in which the GPE Produ 
( ompanie work 


In dit to 


it saves labor, it 


which cannot 
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reases productivit ad ance 
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\ brochure 
ind GPE Coordinates 


Addre 


oO 


ré be relative to the 
’ 
i 


} 


Precisk 


| 
Key ing vo request, or specih 


KoOUIPMEN 
\ 


ad ion Clalization i 


‘ 


ED AOS 


a eee 
y¥ guided missiles 
! the B-6I 


i mpanie 


per ial 
the 


} 


0 in r re 


r re “AC eved 


i GPhk Coordinated 
ch GPI 
ble 


r 


(on pa 


4T ora tele 


' 


land per 


( 









4." DIAL 
THERMOMETERS 






Made in 2 types to 
suit any requirements. 
Rigid stem, wall or 
fiush mounted, 11 
inches of scole read- 
ing. Interchangeable 
with standard indus- 
trial separable sock- 
ets. Stem can be 
placed at any angle 
and case can be ro- 
tated to any readable 
position. 
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RECORDING 
THERMOMETERS 




















inch die-cast 
aluminum case with 
black or white wrinkle 
or satin finish. Single 
or multiple pen con- 
struction, Electric or 
spring wound clock, 
24 hour or 7 Day Rey- 
olution, Flexible Ar- 
mor and bulb of stain- 
less steel, Ranges —40 
+ 950° F or Equivalent 
in °C, 


Twelve 







































































INDUSTRIAL 
THERMOMETERS 








Red-Reading Mercury 
Extruded brass case 
=~ chrome finish, 
Ranges —40 + 950°F 
or Equivalent in °C, 
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RED-READING 
MERCURY 

LABORATORY 

THERMOMETERS 




















Thoroughly annealed 
for permanent accu- 
racy. Complete line 
A.S.T.M. and fractional 
division types. 





























WRITE FOR CATALOG 
INFORMATION 


PALMER 


THERMOMETERS INC 


Me 










































































FEEDBACK 


Boogered binary 


lo tHe Eprror 


I compliment Conrrot ENcIneER 
ING and Mr 
numbers 
your Nov I 


CT, 


artick 
ystem which appeared in 
Ihe article did 
Om num be rs 
becoming even mor 


Lerner on hi on 


i how 
tem 


HN por 


OVE rlook 

which j 

tant 
The 


vclic 


Gray Code (known 
binary, non-ambiguou 


also a 
: 
Dinary, 
or more simply “boogered binary’ ) 
used on digital shaft coders such a 
the brush commutator type manufae 


But we received another letter on this 
subject, from which we extract the 
details of this important coding pro- 


cedure. Ed. 
and vanishing error 
lo tHe Eprror 
In shaft-type analog to digital c 
erters a particular binary cod 


variously the Gray, reflected, or lica 
often u ed \ la 
from a comparison ol th 
9). the Gravy cod 


binary code, i 
ecn 


code { page 






































‘ ge ot VO ent 1 ) 
tured by Giannini, and the photo ; hange of al ” = : : ! n 
lectric type manufactured by Elec — te pene om o , +] 
' ‘ 5 1 i 
tronic Corp. of America and Baldwin eS SS 
Piano Corp normal binary code there ma ce an 
‘Ralph P Ceache nunyber of element chang« 
, J a a Tt <it ‘ { | ed <i i 
RCA Systems Engineering If idout is att -_ ' 
Detrich Air Vosce Beac transition between combinations in thi 
ap <a normal code, it is possible that only a 
) ‘ . 
partial transition has occurred. If thi 
In his letter, Mr. Graeber continued is the case the output code raay be fa 
with a description of the Gray Code. removed from either of the two cod 
BINARY-GRAY CODE CONVERSION, Mr. Crocker say rnpa 
two mputs 
input | Output 
A 8 input A 
0;0 2) Comparision Output 
| ! Oo input B 
0 | | 
| @) | 




















but be sure to prefix a zero 


Binary to Gray conversion: 


input (binary code) 
Comparison 
Output (Gray code) 


Extra zero 


ea Original code 
HF 


oo0o10! 
é 


Ftd 
iif 


— 





Gray to binary corwersion Extra zero Original code 
Input (Gray code ) oor 
Comparison } 4 } } 
Output (binary code) O10} 
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combinations involved. Since only onc 
element changes during a transition in 
' de, the problem of partial 
ishes with it 1S¢ 
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| 
| ] 
| 
| 
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| 
| 
| | 
| 1 | 
14 1 | 
15 a 
Ihe normal code may be used “as 
in a digital computer, or it may 
be easily converted to decimal form 
either with a matrix or by weighting 
is hown 

However, the Gray code is not a 
imple in this respect. Although it 
may be converted to decimal form 
vith a matrix, it can be converted by 
weighting only if alternate signs ar 
ittached to the weighting 

Che most useful procedure seems to 
be conversion of the Gray code to the 
normal binary code. This conversion 
involves a series of comparisons using 
rules in cuts on page § 

Prefix a zero to the original number 
which is to be converted, then proceed 
Ihe line extends underneath the two 
numbers to be compared and the 
arrow points to the result of the com 
parison 

hese proces may be carried out 
1utomatically with “logic” circuits if 
conversion is necessary as part of a 

tem 
David C. Crocker 
Instrumentation Lab 
Massachusetts Inst. of Tech 
Cambridge, Mass 


Another way to skin a cat 


lo tHe Eprror 
Mr. Victor D. Corey’s article Cali 
brate Angular Accelerometers With 
out Precise Accelerations, in the Au 
gust 1955 issue of Conrron Eno! 
NEERING is of direct interest and value 
to me and to the people with whom 
I work. Mr. Corey proposed to cali 
brate angular accelerometers without 
precise acceleration by milling the 
output of a calibrated linear acceler 
ometer with the angular accelerometer 
being tested 
It has occurred to me that Mr 
method might also be valu 


the MISSING LINK 
in electronic control... 
the electro-hydraulic 
FINAL CONTROL element 


NEW ASKANIA 
ELECTRO-HYDRAULIC VALVE ACTUATOR 
IS CONTINUOUS-ACTING, DEPENDABLE 


e@ Here’s a new valve actuator which makes 
remote electrical operation of the final control 
element a reality for the first time. Adaptable to 
practically all electronic controllers, it produces 
an accurate, dependable heavy duty action 
capable of delivering a 600 lb. thrust to slide 
stem valves up to 8 inch size. Relays and posi- 
tioners are eliminated because the actuator 
connects directly to the controller. 


SIMPLE OPERATION... 
EASY MAINTENANCE 


@ Operation of the Askania "EHVA" is 
automatic. Maintenance is less because there 
are no compressors, dehumidifiers, filters or 
piping to create trouble. 

Trouble sources are greatly minimized 
failures seldom encountered...easy to locate 
and rectify. 


ELIMINATES WEATHER FACTOR 


@ Electrical operation means no inconvenience or failure from 
condensation or freezing. Trouble free operation under any conditions... 
indoors or out, winter or summer...is assured—al/ the way to the final 
control element with Askania’s Electro-Hydraulic Valve Actuator 

. 
Check These Facts: Permits all Electric Control Throughout the System e 
Weatherproof Performance e Simple to Install—and Operate e« Con- 
tinuously responsive to small signal changes e Accurate Valve Positioning 
Assured by Force Balance Principle. 


FEATURES 


* Valve Stem Speed. . .0.5 in/sec Valve Stem Thrust. . .600 Ibs, 


Valve Stem Stroke............ YA to 2 inches 
Input Coil Resistance 4,000-18,000 ohms 


Input Signal......00<0. approx. 75 milliwatts d.c. 


Write for Bulletin No. 200 for complete information on how 
“EHVA" control might be adapted to your control system. 


CONTROLS FOR INDUSTRY 


ASKAWNIA recutaror company 


266 East Ontario Street, Chicago, Illinois 


HYDRAULIC, CLECTRONIC CONTROLS & SERVOS, GENERAL SYSTEMS 
ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 


A Subsidiary of General Precision Equipment Corporation 
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n 64,000 -* 


COMBINATIONS 
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CYLINDERS 


OUTMODE ALL OTHERS 
.-+» SAVE 40% SPACE! 


—-,, 


You'll never go back wo tie-rod cylin 
ders, once you apply T-J Spacemakers 
to your push-pull-lift jobs! Advantages 
in space saved, weight saved, greater 
strength and off-the-shelf delivery are 
among the dozens of Extras you get 
as Standard! 


Now—these sensationally popular T-J 
Spacemaker Cylinders are available off 
the shelf iu sizes up to 8°. This means 
as many as 64,000 different combina 
tions of styles, bores, strokes, mount 
ings, etc., immediately available! Oil 
pressure to 750—Air to 200 P.S.1 
Super Cushion Flexible Seals for Air 
New Self-Aligning Master Oil Cushion 
Hard chrome plated bodies and piston 
rods (Standard). Only from T-J can 
you get these new ingenious cushion 
designs! Send for bulletin SM-155-2 
The Tomkins-Johnson Co., Jackson, 
Michigan. 


Member of the 
National Fluid Power Association 
See us in 
Fivid Power Area 
ASTE Show 
Booth 225 


TOMKINS-JOHNSON 


Sivi'Oe, ft) ane eros) riimsoees Currie eceoe 
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FEEDBACK 


tor testing rat 
D otating the axi 
linear accelerometer 
rallel to radiu 
The lin 
ing rate gyro 
must have 
MiiCatl, uit 
ould be | 
root of an 


tand ird 


Here's a useful kink; any others? Ed 


Dynamic analysis proves a point 


lo tHe Eprror 

he other day we ran int 
teresting comparison between altern 
te nperature ontrol tem 
tillation column. The alternat 

| the temperature controller reset 

ting a flow controller on the distilla 
tion column's reboiler steam suppl 
ind (2) the temperature controller re 
etting a pressure controller on the 
team chest of the reboiler. Briefly 
these are the results: 

i) The flow controll 


heat input constant during 


1! 
) 

i 
1 


ply pr ure change 

(b Uhe reboile1 pl 
onstant of such length that 
najor effect in determining 
ultimate frequency of the te 
ture control system 
ontrol system has thi 
vithin its loop, essential 

by its high gain) the 

tant from considerati 
ultimate frequency for 
temperature control 
mined by the next small 
tant hifting the ope! 
to a higher rang 

We conclude that we 
use the second alte 

It’ ilwar i ple isan 
for these littl point to 
1 sensible pattern that thi 
tem can be recommend 
that you, too, would b 
thes result 
brief 


Our readers are always interested 
in specific examples of theory at work 
Tell us more. Ed. 


A group for control education? 


lo tHe Eprror 
lor the past s 
d inh ype that m 
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MICROMATIC HONE. 


eliminates 


TIME OUT FOR ADJUSTING 


thanks to PRATT & WHITNEY 


Automation Gaging 


Producing precision parts — dependably held to close toler- 
ances — on this Micromatic “Microhoner” is merely a matter 
of starting the machine and keeping the feed magazine filled. 
There are no time-outs for adjusting ... to gage parts, to 
find that they’re out of tolerance, and to re-set the machine. 
Production is continuous, output is increased, reject losses 
are way down. 


This is the result of teaming a fine machine with Pratt & 
Whitney Automation Gaging. It’s positive proof that “auto- 
mation” is a right-now, profit-building reality ... NOT a 
something-for-tomorrow dream. It’s proof that the best way 
for you to get automation working in your plant is by writing 
TODAY to Pratt & Whitney’s Automation Gaging Engineers 
outlining your needs. 


PRATT & WHITNEY COMPANY 


8 Charter Oak Boulevard, West Hartford1, Connecticut 
Direct Factory Representatives in Principal Cities 


MHEIN ft TOOLS GAGES cCUTTIiiwng To 
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FEEDBACK 


would promote a1 
tion of proce 
within the Societ 
haps, you might know 
uch a move is plann 
yuld give me a list of 
SONS. 
From an educational 
there has never been a tin 
organized effort of process col 
gineers was necded so badl 
due to the fact that there is no formal 
education for process control engineer 
ing, which means that‘a person must 
ure his formal education m some 
other phase of engineering and then 
spend several years serving hi ntern 
ship” in some well organized indu 
trial proce 3s control engineering group 
learning to select and ipph th prope 
instruments to control complex pro 
esses in our modern industria] pro 
ing plants. ‘This situation ount 
for the lack of interest in pro 
trol engineering by thos« | 
the necessary educational b 
Che misapplication of proce 
trol instruments being made by im 
properly trained proces control engi 
neers cost industry hundred of 
thousands of dollars each year hi 
conclusion has been forced upon me 
by many years of association with the 
problems of process control. In recent 
years, IT have been permitted to assist 
in solving many process control prob 
lems in our own organization and in 
ome of our government's large instal 
lations It is hard to believe but 
almost without exception the trouble 
was caused by the misapplication of 
process control equipment. It seem 
to me that the only solution to th 
problem is for the process control en 
gineers to organize in a group and 
devote their efforts toward a planned 
program for recruiting and ed 
interested persons in control engineer 


ucating 


ng 
G. C. Carroll 
Principal Instrument Engineer 
F-ngineering Services Section 
Olin Mathieson Chemical Corp 
Baltimore 3, Md 


We suggest that all of our readers 
who are interested in group activities 
for process control engineers contact 
members of ISA’s Society Structures 
and Planning Committee. The com- 
mittee is currently studying the forma 
tion of divisions by job-function and 
by industry within ISA. Let your in- 
terests be known to the committee's 
chairman, Phil Sprague, Jr., President, 
Hays Corp., P. O. Box 299, Michigan 





City, Indiana. He will be glad to have 
your comments and to pass them on 
to the appropriate subcommittee. Ed. 


Leads with chin 


lo tHe bprror 
Could you help i faithful reader 
vith some information? 
1 am looking for a university at 
to do post-graduate work on 
une engineering aspect ot digital 
nputers and would thank you fo 
the names of six or eight places in 
thie tate that have a reputation in 
this field 
K. Maling 
loronto 12, Ont 


We're always glad to help one of 
our readers, faithful or fickle, espe- 
cially if the information we gather for 
him is useful to our other readers. We 
sent Mr. Maling a three-page anno- 
tated list of approximately one hun- 
dred universities that have computer 
facilities. ‘The list was prepared by 
Professor Harry H. Goode, National 
Chairman, IRE Professional Group on 
Electronics Computers Student Rela- 
tions Committee, Willow Run Re 
search Center, Engineering Research 


Institute, University of Michigan, Wil- 


low Run Airport, Ypsilanti, Mich. 
Ihe ‘Transactions of the IRE Profes- 
sional Group on Electronic Com 
puters featured the list in its June, 
SS issue. Four of the universities 
listed grant degrees, eight offer as 
sistantships, and 17 handle theses on 
electronic computers. ‘These facilities 
present many openings for post-gradu 
ate work of the type sought by Mr. 
Maling and excellent opportunitics 
for extension course training of non 
resident engineers. 

Our editorial contacts indicate that 
Mr. Maling’s requirements are pa 
ticularly well met by the following: 
> University of Michigan (same ad- 
dress as Professor Goode’s) 
> MIT Digital Computer Lab, Cam 
bridge 39, Mass.; contact Dr. Jay W 
Forrester 
> Harvard University Computer Lab, 
Cambridge, Mass.; contact Dr. How 
ard H. Aiken 
> University of Pennsylvania, Moore 
School of Engineering, Philadelphia, 
Pa.; contact Dr. M. Rubinoft 
> University of Illinois, Urbane, IL; 
contact Dr. James E.. Robertson 
> Purdue University, Lafayette, Ind.; 
contact Dr. A. Perlis 
> University of Califormia, Berkeley, 
Calif.; contact Professor P. L. Morton 

Good hunting. Ed 





cE R-3 cok Sas 


always ‘‘ON TARGET"... 


automatically with 


AUTOMATION 
GAGING 


Quantity, quality or both . . . whatever your primary ob- 
jective may be, Pratt & Whitney Automation Gaging in- 
process checking plus “feed-back” control for automatic 
machine adjustment can help you hit your production 
targets. Here are: Greater Accuracy than ever before possible, 
Increased Output, because there are no production shut- 
downs to gage parts and re-adjust the machine; and New 
Economies through fewer rejects 

Is Automation Gaging practical and proved? This Gisholt 
Automatic with P & W Gaging produces a finished precision 
rotor for fractional horsepower motors every 10 seconds, 
Machine operation with self-correction, size control, inspec- 
tion of finished parts and sorting are all completely automatic 

Don’t wait and wonder about automation. GET THE 
FACTS. Write to P & W today outlining your machining- 
gaging problems and Jet Pratt & Whitney Specialists show 
you how to hit your production target .. . automatically! 


PRATT & WHITNEY COMPANY 


Charter Oak Boulevard, West Hartford1, Connecticut 


Direct Factory Representatives in Principal Cities 


TOOLS GAGES? rvrieiP 
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Here is one of a series 
of advertisements we 
are running in FORTUNE 
and BUSINESS WEEK to 
acquaint company man- 
agements with our inter- 
est and our experience 
in the field of automation 
and data-processing. 

We believe we dare 
making good progress 
in developing activities 
that should ultimately 
give us a strong posi- 
tion in the tremendously 
important and rapidly 
growing field of auto- 
mation. 


Positions are avaiiable 
for scientists and 
engineers in these fields 
of current activity: 


Business Data Systems 
Development 


Digital Computer Research and 
Development 


Radar and Control System | 
Development 


Communication Systems 
Development 


Guided Missile Research and 
Development 


The 
Ramo-Wooldridge 
Corporation 


66020 BELLANCA AVENUE 
LOS ANGELES 45, CALIF. 


CONTROL ENGINEERING 


The digital computer part of the 
Ramo- Wooldridge Data Processing Center 


BUSINESS AUTOMATION 
and MILITARY ELECTRONICS 


The problem confronting many company managements today in deciding 
what course to follow in applying the new techniques of automation and 
data processing is similar to the problem faced in recent years by the 
leaders of our military organizations in arranging for efficient application 
of the same powerful tools of electronics to the art of war. 


At Ramo-Wooldridge the dificult demands of major military systems 
responsibility have been met successfully by the placing of heavy depend 
ence upon teams of unusually well-qualified, mature and experienced 
scientists, operational procedures experts, and engineers. These teams deal 
with the technical and non-technical portions of a project as inseparable 
and interrelated aspects of a single problem. 


Similarly, work has been done in the last two years by this company 
on systems problems of non-military clients from such diverse fields as 
manufacturing, banking, transportation and public utility. The results 
strongly support the conclusion that many of the difficult problems in 
automation that face business and industry today can be economically 
solved by teams that include a breadth of technical and non-technical 
competence which permits them to conduct a highly objective, scientific 
analysis of a client's operations and requirements: 


One important advantage to the client of such a broad and objective 
approach to his problems is the possibility of recommendations that realis 
tic operational needs can be met without the necessity for investment in 
any additional machines or equipment. Nevertheless, the technical strength 
of The Ramo-Wooldridge Corporation, provided by its hundreds of scien 
tists and engineers, 15 such that it can also undertake successfully the 
development of entirely new equipment and te hniques, if required. As 
an example, major programs are currently under way on the development 
of an advanced type of digital computer and control system, and on the 
automation of large scale data processing activities. 


To a surprisingly great extent, military electro 
nics experience has charted the course for non 
military automation. A major objective of The 
Ramo-Wooldridge Corporation is to assist busi 
ness and industry in moving rapidly, yet realisti- 
cally and economically, to take advantage of the 
great benefits of the new techniques. ao 
The Ramo-Wooldridge 
lecture hall during a 
lecture on Operations 
Research, as applied to 
the solution of manage- 
ment problems. 


PACIFIC SEMICONDUC 

TORS, INC., a subsidiary 
devoted to the develop- 
ment and manufacture 
of advanced types of 
semiconductor devices 
such as diodes and 
transistors...of great 
importance in the 
future apparatus of 
automation, 


The Ramo-Wooldridge Corporation 


8620 BELLANCA AVENUE ¢ LOS ANGELES 45 ¢« CALIF, 














graduate cours ing Columbia 
lectrical Engineering Dept., directing an important 
ontrol research project, and acting as consultant to 
four large firms is surely too big a load for one ma 

But it doesn’t seem to faze Prof. John R. Ragazzini 
Visitors to hi 


imiable and 


imple and immaculate office find an 
oft-spoken fellow who looks quite 
isn't the office 
he admits with a smile 
But it’s well know 
no difheulty find 


bit vounger than his 43 veai I hii 
you ll usually find me in,” 
have another one that I hide in 
that students with problems hav 
ing his hideaway 

Professor Ragazzini was born in Manhattan 
Greenwich Village in 1904 and attended gramm 
chool in an area not overburdened with model citi 
7cn I think that there are only three of us from 
my gramima! chool graduating cla that managed 
to stay out of jail,” he remarks with a grin. However 
him for 
where he made Phi Beta Kappa while going 
BS An hl degree followed n 19 2 


a good technical high school prepared 
CCNY 
for hi 


No jobs—no problem 


“There 


he says, “there just weren't an sut he was fo 


was no problem getting a job those da 


tunate enough to become an Engineering Assistant 
for New York City and in 1935 a part-time instru 
tor at CCNY 
Columbia. He began 
which he felt advances in electronic: 


while beginning graduate work at 


a complete “re-education 


demandcd 
including cnough non-technical courses to earn 
MA in 1938. Soon after receiving his PhD from 
Columbia in 1941 (his thesis was on the rectifica 
tion of noise) he became an instructor ther 

With the war Ragazzini went to MIT for a 
which he then taught to 
tary and industrial personnel at Columbia for 
duration In '44 he directed construction of 


electroni 


uirse Ink microwave 


inalog computer to analyze « juation 


to the completion of a system, mcliuc 


tirplane controls, for analyzing aircraft and pilo 


target Part « 


iated with bombing and gunnei Thi 
Hing simul 


formance in following moving 
develoy ment was a simulator of a human bein 
tracking situation (based on measured transter fi 
tions). When the School of Engineering termin 
military research contracts in 1945, the profe 


turned from hi computer project to hecome a ct 


a 
CONTROL 
PERSONALITY 


JOHN R. RAGAZZINI 
raises systems and students 


Dr. Ragazzini takes pride in the sampled-data controller his 
students developed see Ctl September 1955, p 107 


trol consultant and uided 


Til ile 
When the choo] t rch for the 
tarted 


viii h now 


irmed services in 1950, Prof <agazzini 
the Electron Research Lal 
handle a yearly $1 million we ( ho in var 
ious phases of radar digital ar 
and control. Interest in obtainin 


omputer 
data from 
the weeps of radar antenna him into pronect 
tudies of sampled-data contr ree ictivit' 
in this area includes con ( industrial 
process Not long ag d or of 
IRL in order to pe ly y ¢ proj 
ects in lata nity \ car ago 
he instituted the Control Syst ind took 
over the kf. Dept., nov 
Ragazzini, a past directo 
man of AlkI leedback 
ommutes cach summer to one ut shore 
ind to his wife on Y, and d loday hi 
favorite other-than-work inte: rm port 


pled 
inple 


chau 


ommuttes 


but some day, he he 0 tol occupi | with 


worts car 
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Byron Ledgerwood was born, raised and 
still lives in Brooklyn, N. Y. On the basis 
of his accomplishments, you’d hardly be- 
lieve that he is still on the sunny side of 35. 
« Byron holds a BME from Cooper Union 
and has completed course credits toward 
his Masters Degree at Polytechnic Institute, 
majoring in instrumentation and control. 

With the war on, Byron joined the 
“black gang’’ as marine engineer in the 
Maritime Service in 1943. After four years 
of sailing, and bomb attacks, Byron ended 
up as Lt. Commander with a Chief Engi- 
neer’s Marine Steam License. 

After a year and a half with General 
Electric testing turbine, generator and 
heavy equipment installations, Byron 
spent three years with General Regulator. 
As Project Engineer he was responsible 
for proposals, design, purchasing, manu- 
facture, installation and testing for vari- 
ous electrical, electronic and hydraulic 
control systems. 

Byron’s McGraw-Hill experience began 
in November 1951 when he became editori- 
al assistant on Product Engineering, 
covering electronic, hydraulic and pneu- 
matic control fields. His work in editing 
the pilot issue of Control Engineering 
resulted in his appointment to the job 














of Associate Editor of that publication. 

Covering an industry that is fast be- 
coming an integral part of all industry 
keeps Byron hopping from coast to coast 
calling on equipment manufacturers and 
visiting plants where control equipment 
is in use. As if this weren’t enough, he is 
editing two series of articles on digital 
computing equipment. These will eventu- 
ally be published in book form, as will two 
other books which he is co-authoring. 

Byron Ledgerwood is a Registered Pro- 
fessional Engineer in New York State. He 
holds active memberships in the American 
Society of Mechanical Engineers, Amer- 
ican Institute of Electrical Engineers, and 
National Society of Professicnal Engi- 
neers, and is frequently asked to speak be- 
fore these and other engineering societies 

Mr. Ledgerwood’s experience, knowl- 
edge of his job, and ability to serve his 
readers, is typical of McGraw-Hill editors 
They’re specialists. They know their fields 
They live with the problems of the men 
within these fields—who look to them for 
accurate reporting of news that is vitai to 
their industry. That iswhy every McGraw- 
Hill publication provides and maintains 
an alert, interested audience for the ad- 
vertiser’s sales messages. 


McGRAW-HILL 


ARP 330 WEST 42nd STREET, NEW YORK 36, N. Y 


PUBLISHING COMPANY, 


INCORPORATED 


sl 


OVER A MILLION MEN IN BUSINESS AND INDUSTRY PAY TO READ McGRAW-HILL BUSINESS PUBLICATIONS 
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WHAT'S NEW 


Strip steel whipping through the five roll stands of this 
tandem mill at 4,000 ft per min is gaged by x-ray indica- 


tor-controllers (left) and is automatically held within 0.5 
mil tolerances. But there’s more to this story of how... 


Feedback Control Tames Steel Strip Milling 


PITTSBURGH, PA., Nov. 10, 1955 
Sheer size and productivity of the 
process alone make the automatic con 
trol of a tandem cold reduction steel 
mill a major milestone, But General 
Ilectric and U.S. Steel in their com 
bined effort at the latter’s Irvin Works 
near Pittsburgh have added at least 
four “extras” for the feedback hall of 
fare 
P a system design based on a complete 
dynamic analysis of the process 
> dual x-ray gaging both on incoming 
and outgoing sheet from the mill 
Pa combination of screwdown and 
speed control on the reduction rolls 
> exclusive use of transistors and mag 
netic amplifiers in the system 
According to G-E. engineers, devel 
opment of the system got its start 
in Schenectady a few years ago when 
they resolved to feed the basic in 
dustrial problem—how to automatically 
hold strip steel tolerances—into an 
electronic differential analyzer. As the 
real problem unfurled the analysis 
started to include not only all clec 
trical constants, but mechanical con 
stants such as rol) pressure and inter 
stand tension as well as the ability of 
the basic drive system to perform 
minor ironing out of incoming gage 
variations, With U. S. Steel coopera 
tion, data on real time operation was 
brought in. Ultimately, when the sy: 
tem was designed it was based on an 
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iuthentic dynamic analysis of the re 
duction process—a pioneer work in if 
elf The system was then built by 
G-k’s Industry Control and X-Ray 
Dept 


Preventive Medicine 
G-E’s X-Ray Dx pt.—we ll up on 


medical lore sugg ted previ ntive 
diagnosis as ai improvernent in the 
gaging system lor several years it 
had been customary to use an x-ra\ 
thickness gage between the last stand 
and winding reel of the mill to get an 
indication of finished strip thickness 
for manual control. Since it was gen 
erally agreed that the main reason for 
variation was the lack of uniformity in 
incoming strip, why rely on a “‘post 
mortem” measurement? The engi- 
neers suggested an additional gage in 
in early stage of the mill and possible 
control therefrom 

In the analysis it was 
that variations in incoming strip could 
be substantially reduced through con 
trol of stand | roll opening and roll 
peed. After this first pass, further 
cold reducing renders the steel strip 
more brittle and susceptible to break 
ie, thus cuts down the pos ible range 
of control in later stands. Hence the 
idditional gage was located between 
tands | and 2 

Measurement established, the auto 
mat ontro!] ystem that ¢ lved 


dist OVC red 


onsisted of two portion \ 
regulation of 
tand |, 
thickne 
drive motor speed on the last stand 
based on outgoing strip thickne 

Error signal for the coarse regula 
tion of stand | is produced by an x-ra\ 


crewdown motor: 
based on first reduction in 
, and a vernier control of the 


ource below the emerging strip and 
1 detector suspended ibove When 
the steel deviates in thickne thi 
ignal activates a transistorized di 
riminator which observes the dire 
tion of error and its magnitude. A 
polarized de signal is then passed into 
in on-off time circuit containing mag 
netic amplifiers. On-timing is a fun 
tion of the deviation signal magnitude 
if steel from stand | is 0.5 mil off 
gage, the screwdown motors will run 
1 shorter time than when the steel 
is off 0.7 mil 

Besides variable time operation of 
crewdown motors on stand 1, a check 
interval is introduced between timed 
contro] pulses to allow the trip to 
so that the cor 
“observed”. Since strip 
speed can vary over a wide range, this 
off-timing interval changes inversely 
with operating speed of the mill 


pass from rolls to gage 
rection 15 


Functions for Mill Peccadillos 


Several auxiliary function id 4 
be integrated into the coar ntr 
to match it to mill characteristi 





For one thing, the major part of off- 
gage steel supplied to such a mill is 
usually off-grade toward the head and 
tail ends of the strip. This requires 
a “‘screw-reset” function which returns 
the screws to a normal position at the 
end of a coil. A “screw departure” in 
dicator continuously advises the oper 
ator of the deviation from normal posi- 
tion. Also, automatic “screw departure 
limit’ circuits prevent the rolls from 
issuming positions which will over 
load the drive motors or cause excess 
When these circuits act, an 
alarm light tells the operator that his 
control is off automatic operation 
Still another safety circuit—the “regu 
lator inspector’ —will make the control 

tem moperative if it does not reduce 
thickness error during 


lippage 


a preselected 
And, again, the operator 
is notified by a signal light 


time period. 


The Final Reckoning 


The final control of strip thickne 
is achieved by regulation 
of stand 5 speed and of the strip 
tension between stands 4 and 5. In 


automatic 


STAND DRIVE 
MOTOR 


THE MILL consists of five roll stands and a tension reel 
arranged in a continuous line. One main drive motor powers 


all stands. 


eee eee) eee 


COARSE CONTROL is effected by automatic positioning of 


I his stabilizes the thickness of incoming 


the rolls on stand 1. 
stecl to the mill. 


this last stand the mill motor gets its 
power from a common source which 
ilso supplies power to the other stands 
of the drive. The motor field has a 
current regulator consisting of an ex 
iter and an amplidyne, with both 
coarse and vernier rheostat 
ling the excitation. Hence the speed 
of the fifth stand can be controlled 
relative to previou 


ontrol 


tand motor speed 
ind thus adjust outgoing steel thick 
ness by varving tension between it and 
tand 4 

(Once again, an X-Tay gage measur 
the finished strip ind orgimate in 
judged for dire 
tion and magnitude b transistor 
This time the polarized 


error signal that 


discriminator 
gnal is increased by a transistorized 
uitable for 
regulator of the 


umplifier to a power level 
the field 
motor 


current 


In operation, the coarse and ver 
nier setting of the motor-fheld current 
regulator of the gage svstem are set 
to desired output thicknes Control 
then operates over a range of plus o1 
minus 5 per cent speed, Changing 
the speed of stand 5 relative to stand 


FOUR CLOSE-UPS 


OF MILL CONTROL FUNCTIONS 


CREW DOWN 
MOTOR 


xX RAY GAGES are 


strip and detector above. Error signal due to deviation 


+ changes th ift and tension on 
the strip between the two stands to 
effectively control the thickness of the 
delivered steel] 
Special wxiliary functions were also 
nec iry ans the rier control sy 
tem. Since th milator range 1 
limited to pr it looping or break 
ie of th » j tem automati 
cally is p d i manual when thi 
range 1 KC vl the operator 
warned of the ta nal light \ 
regulator imspe function also 


perates at th f th ystem 


A Team of Nine Transistors 


Pe rh ] 


omplet i on transistor 


ind magnet np t linvacy ue in 


circuits and ponent Only ning 
transistors a tuall equired, but 
G-I lron and cel Manager Bill 
Miller claim I his is one of the first 
instances whe transistors have been 
used to contr iain drives of 3,000 
hor Cpowe! \\ ire onfident that 
this is the system of the future 


STAND S| 


aie Saad eid 


located with source below the steel 


actuate the regulating system 


VERNIER CONTRO 


speed of stand 5 relative to stand 4 Ihe varied tension 





nah 4 
WOICATOR FF) REGULATOR OPER 
"= rP') RANGE INDICATOR 


is accomplished by regulating the 


changes strip thickness. 
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WHAT’S NEW 


SPERRY HELICOPTER CONTROL SYSTEM 


ROTOR SPEED 
CONTROL SERVO gn OTS CONTROL STICKS 


RUDDER PEDALS 


. -—- ~ PILOT STICK 
a AND F 
ONTROL AMPLIFIER S 0 ERO on — 
NAVIGATION COUPLER oo ENGINE SPEED 
ALTITUDE CONTROL i 
| HOVERING CONTROL 
GYROS 


JE NSOR 


PRANSISTORS IN A WHIRLYBIRD, TOO 

Sperry Gyroscope’s new miniature, fail-safe, flight control 
system for helicopters includes automatic trim devices, alti 
tude and speed controls—yet weighs only 60 Ib. It’s all due 
to transistorized module design and neat little linkages like 
the force sensor being pointed at in the test set-up. The 
system permits unmanned cargo operation. 


CONTROL CONCLAVES Jo gery Pi wo ip ang 


mainly out of the production engineer 


Chicago Nov. 14-17 ing mold, But they were obvious}, 
. , 


rood men and there to seriously look 


l'ry as he might, he could not, how 
This was a busy week in Chicago , 
, ever, find one central theme that char 
for a visiting control engineer. If he 
happened to belong to ASME. he wa 
there for the Diamond Jubilee annual 
meeting and lost in a mass of 4,500 


acterized the show 

Karly in this busy week our Chi 
cago visitor made a special point to 
ubway down to the Shoreland Hotel 
ind the University of Chicago's two 
dav session on “Automation for Senior 
Officers’. Here, while the papers were 


oval conventioneers. But he found his 
control kin—he judged there wer 
everal hundred of them—at three ex 
cellent IRD © session Ihe IRD 


impressive (mainly about automation 
papers this year were concerned with 


from a planning and policy stand 
control valves, and our visitor reports 


point) he was more impressed with 
yood content and keen interest—pai 


. the 200 top executive who took two 
ticularly in papers given by Gorrie and - 
precious days and paid the $150 fe 
Gantz on Design Limitations and 
Shearer on Nonlinear Characteristic 
Lhe highlight, however, was the 16 
man panel of speaker it the end of 
the program which lunged and pat 


ried with questions raised by the si 


to get thi academically-organized 


brichng he average annual income 
of the peopl there,” he estimated 
was about $20,000. Add that up and 
I was sitting amidst a group represent 
ing about $2 million in annual salar 


sions. Leaving the sessions our engi Wiest ean § dale these? 
‘ Ss ome 


neer stretched his legs at what he felt 
was a rather lackadaisical Power Show 
in the Chicago Coliseum loo wee Angeles, Oa. = 
mall, too gloomy, too dismally x On this day our West Coast r 
mote,” he reported porter joined a group of 300 in th 
\ brighter, more specific show beck Gold Room of the Ambassador Hotel 
oned the control engineer to the Lake to take in the 6th Annual Systems and 
Shore's Navy Pier during this sam Procedures Conference. This year thi 
week, There he became one of 10,000 iccent was on electronic data proce 
ittendees it Richard Rimbach’ ing and its meaning to svstems-minded 
Second Automation I.xposition Mill management. Dr. Gene Grabbe, Con 
ing about half the space of the vast rROL. EENGINEERING'’S West Coast con 
pier, the booths’ contents ranged from sulting editor, keynoted the technical 
i large flock of counting and digital part of the program with a graph 
devices, through three big automatic rundown of the capabilities of the new 
logging systems, to industrial timers technology. He cited experience with 
relays, and components for what ow a large scale computer in his own com 
man called “Detroit automation” pany, the Ramo-Wooldridge Corp 
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Our productive machine time 

Gen iveragt better thar 

cent of a 40 hour week 

quivalent to having 000 operator 
vith desk calculators working for 4 
hour Keven factory-expanding 
Ramo-W ooldridge, Gene tell u yuld 
hardly stack such a staff vertically 
under its roof—much in a normal 
mazc ot floor bound at k D1 
Grabbe predicted that the 

future for computer clear] 

the mterest and inten 

operat ns : 


New York, Oct. 20-21 


Our visitin ontrol 
managed to nestle himse 
everal hundred people from 
rovernment, and schools who a 
the Second National Mecetin 
Institute of the Management S$ 
two bright Octob i 
IIMS is devot oO promot 
ing Operations Research an tress 


l 
the ippli ition of mathematical and 
ientific techniques to industrial prob 
lems—not to be confused with ORSA 
Operation Research socict of 


America) which concentraté 


military problem Th 
report covered a wid 
Dantzig of the Rand 

Purduc 

Carnegi 

Wow extens1 

programming, which th ed a 
large part im orginatin Other 
papers Kircher of the University of 
California on the use of ce mputers in 
management: Lieberman of Litton In 
dustries on a mathematical model for 





VOLTAGE REGULATED 
POWER SUPPLIES 


[or powering 
electronic equipment 


Build these compact Power Supplies into your equipment! 


KR Voltage Regulated Power Supplies are conservatively 
rated and are designed for continuous duty at 50°C ambient. 


REGULATION: Less than 0.2 volts for line fluctuation from 
105-125 volts and less than 0.2 volts for load variation from 
0 to maximum current. 


RIPPLE: Less than 3 my. rms. 


To include Y Current and Voltage Meters, Add M to Model 
number (eg KR 16M) and Add $3000 to the Price 

To include Oust Cover and Handies for Table Mounting. Add C to 
Model number (eg RIG C) and Add $1000 to the Price 

To include Meters. Dust Cover and Mandies, Add MC to Mode 
number (eg KR 16 MC) and Add $40 00 to the Price 


PRICES FOB Flushing 


<a 


NeW” 


1.5 Ampere 





~- 


. 


Model KR-18 


FEATURES 

@ Fast Recovery Time, Suit © Power Requirements 105 

able for Square Wave Pulsed 125 volts, 5060 cycles 

Loading Units operate up to 400 
cycles 

@ Voltage Range continuously 

variable without Switching 


@ Either Positive or Negative © Locking type voltage control, 


may be Grounded AC, DC Switches, Fuses, and 
Pilot Lights on Front Panel 


@ Terminations on rear of unit 


@ Oil Filled Condensers 
@ Color Grey Hammertone 
@ Wire Harness and Resistor 


Board Construction @ Guarantee One Year 


1.5 Amp. KR series 


Hack Mount 
Move! Volts 6.3V AC w 4 0 Price 


tit” | $625 
lio" liam ti?” | $625 

95.325 | 15 Amy Tia" Til” | $695 
| ) 


0-150 | Each supply 


100-200 has two 


[25.05] _oupas [i fi fi= [sas 


The KEPCO KR SERIES in the above voltage ranges are 
available in 600 Ma 300 Ma 125 Ma. series 


A LINE OF SO MODELS 


Available from Stock — Catalog on Request 


eco, ¢-t Letom @-V-1o), 7 Gre). 1| t— 


131-38 SANFORD AVENUE - 


FLUSHING 55, WY. = 


INDEPENDENCE 1-7000 
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SANDERS 


Model 2 Phase 
Comparator 


...can be used as a 
modulator, 
demodulator 
or switch 


This compact, rugged comparator is 
hermetically sealed in an inert gas and 
packaged for mounting in a standard 
an tal §oc ket 1 wo ft ill wave bridge re< 
tifiers are used to obtain a high degree 
of stability and balance 

As phase sensitive comparators, these 
units can be used to measure the ampli 
tude or phase of an input signal with 
As de 


modulators, DC output can be obtained 


respect to a reference signal 


either single-ended or push-pull wich 


respect to ground, Suitable for all 


military applications 


SPECIFICATIONS 

Frequency Response: 0 to 5000 CPS; 
Max. Reference Voltage: 120V. RMS, 
Max. Output Voltage: -+- 5O0V. DC, 
Dynamic Range: 46 db; Load: Max. 200K 
ohms, Min. 20K ohms; Input 
Impedance: Approx. 200K ohms with 
200K ohms load and 1:1 transformer 
Size: 1” dia. x 3”; Weight: 2 ozs 


Write for data sheets to Dept. CE! 


WHAT’S NEW 


busine tems, Ackotf of Case on 
forecasting. Our reporter concludes, 
“The scope of the 30 papers was im 
pressive, but sometimes left the list 
cncr doubtful as to the connection b« 
tween the theoretical methods which 
have been developed and the practical 
teps which have actually been taken 
As one of the speakers, Professor 
Kircher, observed, it may be that the 
usefulness of operations research has 
been due more to the influx of scien 
tifically trained men into management 
fields than to the actual use of com 
plicated mathematical techniques in 
solving managerial problem 


Boston, Nov. 7-9 





Up in the scholarly clime of Bach 
Bay our peripatetic control engincer 
spent a vigorous three day 
to 19 papers on the use of 
in’ business 


listening 
computers 
and industrial systems’’ at 
the fifth annual Eastern Joint Com 
puter Conference sponsored by AIEE, 
IRE, and ACM About 1,000, he 
reports, jammed the ballroom and 
meeting rooms of the Statler Hotel 

keen, high-level people from an 
imazing variety of industric 
nesses’, 


and busi 
The papers were very prac 
tical and obviously aimed at prospe: 
tive users of digital equipment. One 
good example: a rather lively (rather 
slanted, too) discussion on the special 
purpose vs. general purpose computing 
system. But our man 


re ports this 
general audience criticism 


“There was 
too much stress on the immediate cost 
benefits of computers and not enough 
on the management decision function 
with its benefits.” 


CONCLAVES TO COME 
Princeton, Dec. 29-30 





This vear the Industrial and Engi 


< 4 


neering Chemistry Div. of the Amen 
an Chemical Society will direct it 
Christmas Symposium to “Transient 
Chemical Process Behavior and Con 
trol”. A good share of the interesting 
program will be devoted to the new 
tools of synthesis and dynamic anal 

is of process and plant and Ctl 
editors Bill Vannah and Lloyd Slater 
vill try to project the crusading zeal 
of thei magazine into the 
iddres: Process Control Enters a 
New Era”. Besides this editorial-typ 
keynote there will be some 
tribution 


Ope ning 


olid con 
from people out in the 
plants and by pioncering systems eng 
neers from the instrument companic 
i.c., Berger and Short of Phillips P 
troleum on control characteristics of 
1 pentane franks and 
Worley of Instrument n 
quantitative analysis of cascade on 
trol). With at least two editors in 
ittendance, our 


fractionator; 
Brown 


February issue will 
be sure to carry a full report on th 
ground that will be covered 


Heidelberg, Sept. 24-28, 1956 


Professor ‘Thomas J. Higgins, our 
prolific book reviewer at the Univer 
ity of Wisconsin, writes that a very 
soundly conceived German ymposium 
on the “Value and ‘Theory in Appli 
cations of Control Engineering” will 
take place next fall at the New Uni 
versity of Heidelberg The program 
is subdivided into four main section 
|) Concept of Theory—its Value and 
Kfheiency; 2) Application and Limit 
of Elementary Procedure 3) Mathe 
matical Methods for Solving Control 
Problems; 4) The Outlook. ‘Those du 
for a trip to Europe—or verging on a 
good paper that would fit this program 
cope—should write to Dr. Otto Greb« 
Verband Deutscher Elektrotechniker 
e.V, Osthafenplatz 6, Frankfort on 
Main, Germany 
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MONSANTO GETS MAMMOTH ONE-PIECE PANEL This five-ton, 33-ft-long 
unit, said to be the largest demineralization control panel ever built, made the trip from 
Texas City in one crate by truck and sea train. Bogue Electric Co. constructed it in 
only five months. 
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: 


maintenance free | 
precision regulated 


+ NO TUBES 

» DUAL MAGNETIC REGULATED 
+ 0.2% REGULATION 

» ULTRA-FAST 

+ SHORT CIRCUIT PROOF 


») “ : 
» FLUX OSCILLATOR CONTROLLED : ; ee eferences 
f i es; as regula 


» MAGNETIC AMPLIFIER ~ - ment supplies; as strain 
REGULATED D ; instrumentation sup- 


» HERMETICALLY SEALED 
MAGNETIC COMPONENTS 


+ PROVEN IN CONTINUED 
SERVICE 


+ GUARANTEED 


d units 
and orig 


is attained by 
gain mag- 


references and 


us static 
y alles and 
is resumed auto- 
ating down- 
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TYPE A: 200 WATTS OUTPUT TYPE A 





1000 WATTS OuTPUT 


DC OUTPUT RANGE 
TS 


DC OUTPUT RANGE 
MODEL vol 


AMPERES MODEL vous AMPERES 


| 
"MR-65 5 *#.532.15 5.32 | 


MR-6.20 468 


MR.12-10 6.15 


MR.28-5 16-32 16.32 


mMR.150-1 130.175 135.175 


me 800.05 270.330 270 330 


lightly , Dad or 


DYNAMIC REGULATION 
AND RESPONSE TIME: 


+2% for +10% line voltage 
Gonstent™ 
Response Time; 
50 milliseconds 
+3% for +10% load current 
irensient~ 
Response Time; Max. 100 milll- 
conditions of Soh 
REPRESENTATIVES 33 822 
BURLINGAME ASSOC. © N.Y 13. N.Y Pel, | elon. 1 -S-) -# Y ted, Bieie) iF 
Mm. ®. ODELL CO © CLEVELAND 15, OHIO 200 CENTER STREET * EL SEGUNDO, CALIFORNIA 
HUGH MARSLAND £ CO ¢ CHICAGO 45, ILL. f F 
ENGINEERING ASSOC.* FORT WORTH, TEX / 
H GEORGE SHEFLER CO. * PHOENIX, ARIZ 
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WHAT’S NEW 


Five Digital Advances from the West 


It may be the climate, or it may be their nearness to the Creative Vortex of the Com- 
municative Arts (Hollywood). But for sheer fecundity in new ideas and products the 
California Digital-Data Developers have few peers. Witness these five new offer- 
ings which first saw light this past November. 


1. A PORTABLE DIGITAL 
DIFFERENTIAL ANALYZER 


Ihe neat little typewriter-sized box on the engine: 
desk has a rather lofty price for the space it occupi 
(its maker, Litton Industries, suggests the $10,000 
range). But the price seems small when you nsider 
the jobs it can do lake the problem on the black 
board for example Just a few flicks of the finger and 
the answer will come up on the little picture tube in 
the corner of the panel No, it’s not a closed loop to 
Norbert Wiener—this new device is a digital different 
analyzer that packs twenty integrators, each accurat 
to one part in 250,000. It can handle any mathematica 
problem that can be put in differential form—does it 
in iterative process that is completed 60 times | 
Ihe integrations, of course, must be preprogramined 


1 


Ihe tiny machine operates on 110 v and require 
only 300 watt It has plug-in components and a small 
magnetic memory It can generate arbitrary function 
and is easily coded to produce limiting or decision fun 
tions. As a matter of fact, its makers claim tha 
will tackle most problems normally relegated to 
clectronic analog DA—and goes the latter on 

by handling equations that can have variable dx 

dy inputs to cach integrator 





2. A LONG-DISTANCE 6) ance 
COMPUTING SERVICE 


Ihe telegraph poles in the little sketch at the right 
stretching 2,000 miles from Chicago’s Navy Pier to 
Logistic Research’s neat plant in Redondo Beach, Calif. 

carried strange signals on Nov. 15. ‘The pulses 
originated from complex rows of figures punched into 
a ‘Teletype machine in the company’s booth at the 
Automation Show (see page 20 for show details). ‘They 
sped cross-country and fed into an Alwac computer 
at the plant. Seconds later a new group of figures 
the computed answer—were neatly typed in the Chicago 
booth. Spectators at the show tried mortgage data, pet 
problems, amoeba-in-bucket gambits The answers 
came back almost as the last number was entered. ‘The 
desk at the right holds the plant’s transmission and 
receiving equipment—a Western Union teleprinter ma 


] 


chine using a 5-channel common language tape and a 
llexowriter. In the background is the Alwac computer 
which converts the ‘Teleprinter’s 5-hole tape to 6-hole 
code, works the problem, then sends it to the Flexo 
writer again in 5-hole form. ‘The resulting tape is read 
by a Western Union transmitter in California, then 
printed in Chicago. ‘The company believes small labora 
tories and business will find this service will bring digital 
problem-solving well within their budget 
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3. A SOLID-STATE REDESIGN FOR A COUNTER 
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4. A COMPACT GENERAL-PURPOSE 
DIGITAL COMPUTER 


Phi deceptive) unple free 
the girl is actualh 
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compact 


the whol ) 
Ope gencral purpose ail 


however 


tecel cover 
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AN AIRBORNE 
DIGITAL COMPUTER 


tl 


or wake 

I ha just 

ifter igh ( ful flight test for 
developer, North American Aviation 
MACI Operation 


Lipin nt 
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thing, circle 
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Here's The "Inside Story" of 


PENBERTHY 
ey Vet a Ya 
SUPERIORITY 


Steel 
Lockaut 


Identification 
Plate 


Steel Wheel 


or Lever 


Steel Stem 
Packing Nut 


Stainless Steel 
Standard of 4 
Quick-Closing 

Stem 


Stainless Sceel 
Packing Gland 


High Tempera 
ture Resisting 
Stem Packing 


Stainless Seeel 
Stem Packing H 
Retainet : 


Forged Steel 
Body 


Stainless Steel 


Ball 


“tr sinle 8 See el 
Hall Retainer 


Patented 
ng Shank 
& 


Float 
L 
veel Tailpipe be 


‘Steel 
Coupling Nut 


N 


e | namatched quality and design mean top 


performance at lowest cost during long ser 


FLOATING SHANK 


or more 


saves 5O 
through 
( aralog 


alone 
costs. Order 
Write for 


No. 35 showing complete line 


PENBERTHY INJECTOR COMPANY 
Division of the Buftlalo-Eclipse Corporation 
1242 Holden Ave., Detroit 2, Michigon 


— TOE 


EJECTORS 
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on unstallation 


local supplier or direct 


EDUCTORS 
EXHAUSTERS 
SYPHONS 
ELECTRIC SUMP 
PUMPS 
CYCLING JET 
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WHAT’S NEW 


a 


ALL THIS, AND AN AIRFIELD 


by a short stroll is this new 


sy pail Hes . a 


POO. Connected to Massachusetts’ Grenier airfield 
half-million-dollar plant of Marion Electrical Instrument 


Co. ‘The single-story, 40,000-sq-ft facility produces more than 80 per cent of all Marion 
components. ‘The company’s field-based plane provides quick access to all customers 


All Around the 
Business Loop 


P'l wo 
truments have wound up their fiscal 
stvle. Figures are somewhat 
misleading in the case of The Perkin- 
Elmer Corp., because slight declines 
in net net (down 
$67,422 and $55,055 respectively) far 
from tell the P-K’s presi 
dent and board chairman, Richard $ 
Perkin, reporting on the that 
ended July 31, noted that shipments 
of commercial analytical instruments 
record level of $3,784,643 
that new for instru 
ments mereased If per cent over fiscal 
1954. Military sales (40 cent of 
P-I busine reacted according to 
expectation thi 
pated lag between successive 
production contracts that accounted 
for the dip in net sales. New orders in 
ill categories 743.000. a 3? 
over the previou 
increased the backlog to 

These figures, of 
reflect operations prior to the October 
flood Perkin-Elmer 


so meritoriously (see 


manufacturers of control in 


years mm 


sales and income 


whole stor 


yCal 


r¢ iched | 


ind orders such 


pel 
mtici 


ind it wa 
defens« 


rose to a7. 


pel cent mecrease 
your, and 


SO STS.O00 course 


weathered 
December issuc 


which 


page 28) 
> Varian 
ering the year ending Sept 
that for the first 
sales of industrial and scientifi 
ments and electroni 
§ per cent of total sales. In fact, prod 
ucts in this class produced nearly on 
fifth of the The kly 
stron vacuum tube, the company’s best 
known product, accounted for 82 pet 
cent Dollar 
$1,259,000, backlog 
ind net earnings, at the end of th 
vear, $433,000. Included in the 
solidated figures is $19,000, the profit 
from the subsidiary, Varian As 
sociates of Canada, Ltd., which r 
cently finished its new 


Associates, in its report coy 
30, noted 
time m its histor 
instru 


tem exceeded 


volume 


entire 


sales 
up $2,435,000 


figures wer up 


Col 


new 


home in 


Georgetown, Ontario. Varian plans to 
$500.000 in this fi 
year on new product research 

P Other have 
bright reports for the first nine month 
of calendar 1955 Among them 
Thomas A. Edison, Inc., with 
sOlidated prohts after tax of 

162, up 80 per cent or $399 ); sal 
of $26 035.159 up $497 590 
of $328,754, up 
ind General Controls Co., with sal 
of $19,249,458, than for all of 
1954, and net earnings of $1,156,664, 
up $439,391. President W. A. Ray 
expects total gross sales for 1955 to 
hit $ million, which would be an 
ill-time high for the Glendale, Calif 
COMPAS 

Fairchild Camera & Instrument 
Corp. has brought in one of the Nav 
top nucleonics experts to head its m 
Nuclear Instrumentation Dept.  B« 
ing considered for development 
manufacture by Dr. Harold EB. De 
Bolt’s radiation monit 
equiprne nt, control rod drive mechan 
for 


pend ¢ lose to 


companies ubmitte 


ind net 


camming 


more 


unit ar 


Tun 


isin itomic reactor neutron d 


tector 
pressure 


ind issociated 
ind flow controls. ‘Th pack 
ign d 


tempecratul 
ied reactor controls will be 
primarily for 
but to some 
tar One outlet in 

gory: the Aircraft Nuclear 
Program of the Air For 
velopment Command 
recently was with the Nuclear Power 
Div. of the Navy’s Bureau of Ship 
ind the Naval Reactor Branch of the 
AKC’s Reactor Div 

> In its Arizona Research Laboratories 
in Phoenix, Motorola is producing th 
diffused bas 
transistors on a pilot-plant basis. This 
is the first announcement of any su 
cessful venture into 
duction of the new 
development by Drs 
I \ ind 


ommercial 
rat gree, too 


DeBolt most 


Deve lopm« nt 
new verv-high-fr quen 


commercial 
transisto ince it 
William Shock 
Dac¢ey of the Bell 


pro 


George 





WHAT’S NEW 


Felephone Laboratories, and | 


pair Of announcements t 
b Motorol Ihe other th 
pany 1s getting t for semi-automati 
manufactu of the transistor Lhe 
diffused base technique permits pri 
duction of transistors for frequen 


range Na | billion Cc l¢ pc! 


they ar ippli ible 


to ry kind of communication 
three 
however vefore this general ipphi 
tion be practi ibl Motorola 
ice-president, Danicl I. Noble, be 
li 
P 'Il'wo upstate New York cities fis 
in the formation by IBM of a 
Military Products Div., who 


manager is Charles F. Melklwain 

Kingston, G il Manager Ga 

Cullen ill direct IBM part of ( e 0 
ct Lincoln, a government cftort rat 


Iving production f ground-based 
t 


omput Or | ontinental it . . . 
ramming network, MIT is_ collab —jehelaalialr-aaela—mmaer-le)el—idle 
rating Ww ! 13 on thi proy t na \ 

it Vestal iar bB thamton the ( 

Ppeoayh p-elpers cen storage elements by 
hape under Cu ohnson. Parti | 

pating at Vestal are Johnson Aur 
borne Computer Laboratory ind 
produ tion facilities for advanced el} 
tronic bombing and navigational 


tem McElwain, formerly director of 


defense engineering and manufactur 











ing, will super operations from ad 
ministrative ofices in New York Cit 
Ihe new division now holds the sam 
imftonoms IBM Electric ‘Type < . 
New Epsco Magnet: 
writer Div. 


IBM isn't telling what kind of Type 


SR-11 are designed for airborr 
missile appli ation Due to 


machine it’s d veloy ing and produc 4 
tremely Ow mower requirer 
ing on a pilot basis at San Jose, Calif ait . 
may be ar y cither 
It has revealed, however, that it ha : 
tubes or transistors 
leased a 20.000 q- ft building for thi a = : 
' ' Measuring only %4° x % 
pr ject and that work is already under 
Way 


; 
: able for mounting on et hed wiring 

© Servi faciliti for handling cl cn ; 

boards. Epsco SR-11 storage elements 


" 
new subminiature units are entirely 


tronic instruments are being ¢ xpanded 
icross the U.S. by Allen B. Du Mont 
Laboratories, Inc. One big reason fi 
the move is that the company nov 
marketing a number of general-purp: 
electronic instruments and enginec: 
ing a new line of cathode-ray oscill 
raph Du Mont plans to put the 
Fechnical Sales Dept. under a du 
idministration, service to be headed 
by F. William Scharpwinkel and part 
ules by Rudolph H. Arp 

Du Mont’s new West Coast head 
quarters plant, which recent] 





Por full information on Tf 





Storage Llements, writ 
’ 


into per ition in Lo Angel yg Engineering Data Sheet 


the company six times as much space EPSCO 
as its former facilities there. Include INCORPORATED 
0,000 q ft of working p 
id ding ind i parking ica 
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Designing 
Automatic 
Controls 


Actual size 


NORTH SENSITIVE RELAY Type ir-226 
Hermetically Sealed 
Range -65° te 
G hock and 5 
w. OPDT a 
Rated Load 


for application fitness 
for high reliability 


for long life 
.... Specify 


NORTH 
RELAYS 


Catalog upon Request 


INDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY 


526South Market Street, Galion, Ohio 
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WHAT’S NEW 


| ani omplete engineering i d 
ign file of Stockwell Transtormer 
Corp's — liquid-filled I | 
transforme! has been I 
Precision Transformer Corp. ‘|! 
of these transformers 1s to ) kva 
> Under a new agreement, Ohmite 
Mfg. Co. will produce the Amr 
relays formerly made by American Re 
lay & Controls, Inc., at one tin 
ubsidiary of Ohmite. Th 

the new name of Ohmite A 

lay ind will ontinu t 
from Ohmiute plant in Skokie, Ill 
PWhen an exchange of i 
tween Link-Belt Co. and Syntron Co 
has been consummated, Synti 
b yne a Link-Belt sub 
P On the way up: a new manuf 
mg plant 157,000 q rt ip 

ng Island, for Kollsman Instrument 

Corp., to be completed next fall; and 
in addition—44,000 sq ft—to Beck 
man’s Berkeley Div. 
Calif., to be ce mpl ted | 
of this month 
P Opened i three-stor plant OU 
q ft) in Bristol, Pa., by Bristol En 
gineering Co.; a subsidiary plant (1 
O00 sq ft) in Am la.. by Bourns 
Laboratories; a new facility (Timely 
Instruments & Controls, Corp.) 
Gardena, Calif.; an ceastd 

iles ofhee in New Yorl 

l'exas Instruments, Inc.; vi 
Coast office in San Fran by tl 
Research & Control Instruments Div 
of North American Philips Co., Inc 
P Recent acquisition Phebco, Inc 
electronic equipment for lustri 
ul radar and gut | 
Hoover Co., which 
tend operation be 
household cleaning | 
Farris Stacon Corp. (temperatu 
trol valve by A. W. ¢ ash Co 
P And a merger: Electric Controller 
& Mfg. Co. and Square D Co 


PECHNICIANS ABROAD Marty Lad 
den—Brown Instruments’ energetic educa 
tion director pomts out features in the 
Klectronik to students in Minneapolis 
Honeywell's new training school at Peri 
vale, England. 





Cash Standard Expands 
by the addition of 


Stacon Temperature Regulators 


This line of temperature regulator 


by Ff tacon ¢ rounds out complete 


line of valves to solve any problem of te 


tion or pressure control 


CASH STANDARD STACON TEMPERATURE REGULATORS 


« 
Provide accurate temperature contro! for use with 
steam, liquids and gases 


2 
Self-operating and self-contained pilot-operating 


Direct and reverse acting. 


Liquid filled thermal system for high operating 
power and uniform throttling action 


Extremely compact construction with rugged field 
replaceable thermostatic system 


Overload protection to prevent overstressing of 


thermostatic system at over-range temperature 


Recommended for hot water 

heaters, tanks, kettles, plating 

tanks, bottle and can washers, 

degreasers, ovens, fuel oil heaters, { 
TH j brine circulating, process cooling, } 
| I} ; ; jacket cooling for compressors, 
HI TT diesel and gas engines, and 


~_ many other uses 


What is Your Temperature 
Regulation Problem? 


Cash Standard has 
the Answer! 


Contact your Cash Standard control specialist 
or write Dept. F. 


STANDARD 


A. W. CASH COMPANY, P. O. Box 551, Decatur, Illinois 


Pressure, Hydraulic, Temperature, Process ond Combustion Controls 
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ic 
- Available in 


thousands of 

pole and position arrange- 
ments from stock parts. 
Individually assembled 
to meet your switching 


: requirements. 
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| WHAT’S NEW 


L. L. Wheeler 


Raymond Mever 


J 


M. L. Rice 


Important Moves 

by Key People 

> Dr. L. L. Wheeler is the new chief 
engineer of Sperry Gyroscope Co. A 
specialist in weapon system engincer- 
ing, he directed the project that 
resulted in today’s K-bombing naviga- 
tional system. Ile has been assistant 
hief engineer 1951. Leaving 
the post of chief engineer for that of 
vice-president for research and de 

velopment is Dr. W. L. Barrow, who 
was an professor at MIT 
before joming Sperry in 1943. Bar 
row, who sident and 
chief engineer in directed a 
number of wartime projects in fir 
control and armament 
Ile has been an advisor to the armed 
forces for the past 14 years. George 
A. Richroath, who has been named 
vice-president of manufacturing, leaves 
his works manager post to Samuel 
Agabian. Mr. Richroath joined the 
Sperry Gyroscope Co. in 1941. Aga 
1940 

> Acting on the advice of economists, 
who see big gains for its production 
facilities, ElectroData Corp. has « 

tablished a new post, that of super 
visor of manufacturing, and filled it 
with Raymond Meyer, formerly ad 
ministrative assistant to the vice-presi 
dent. Meyer moves into the job as 
KlectroData prepares for a major ex- 


Since 


issocial 


be Came Vice pr 


1952, 


cngmecrng 


bian in 


Joseph Tampico 


Arnold Raines 


pansion in output: thre omplete 
Datatron computer systems a month, 
starting this fall. 

> When William C. 
president of Remington Rand, became 
general manager of the 
Div., these facilities were consolidated 
under his supervision: the Eckert 
Mauchly Div. at Philadelphia; the Fen 
gineering Research Associat Div 
it St. Paul, the Tabulating Div., 
Advanced Re 
All electronu 
and tabulating machine oper 
have funneled into the 
l £UU,UUU sq 


built 


Norris, vice 


new Univa 


and 
the Laboratory for earch 
it Norwalk, Conn 


puter 


com 
itions been 
new division, for which 
ft electron 
in St. Paul 
> Atlantic Research Corp. h 
its Applied Mathematics 
Ballistics Project 
the ranks” and made it a division 
Director is Millard Lee Rice, who 
joined the staff in 1950 and ha 
director of the unit since its formation 
is a group in 1954. At the same time a 
new ‘Technical Information and Li 
brary Planning Group has been or 
ganized under Saul Hemmer, technical 
information specialist 
consult 


laboratory will be 


brought 
and Interior 


Group up from 


been 


The group will 
technical 
information and communication 

P Associated Missile Products Corp 
the eight-months-old subsidiary of 
American Machine & Foundry Co., 
has named Dr. Joseph Tampico di 


and do research in 





At the time of its installation at the Kindley 
Air Force Base in Bermuda, this Cleaver- 
Brooks unit and three others like it consti- 
tuted the world’s largest vapor compression 
sea water distillation plant. Total daily ca- 
pacity of the installation is more than 200,- 
000 gallons. BS&B Automatic Controls are 
standard equipment on all units 


Largest compression still installation in the 
United States for producing distilled water is 
this West Coast metropolitan area plant 
which commercially produces more than 
100,000 gallons of distilled water daily. All 
units are Cleaver-Brooks. Note BS&B Auto- 
matic Controls visible in the picture. 


This Cleaver-Brooks Diesel Drive Compression Still produces more than 
14,000 gallons of U.S.P. chemically pure and pyrogen free water per day 
from brackish or sea water. It is automatically controlled by (1) a BS&B 
Type 1400LP Low Pressure Pilot which operates (2) a BS&B Type 86R Valve 
to control the evaporator pressure, and by (3) a BS&B Type 887 Liquid 
Level Controller which operates 4) another BS&B Type B46R Valve to con 


trol the evaporator liquid level 


... With The Help Of 


When a manufacturer of heavy industrial heating and process 
equipment selects the automatic controls to be used as 
“original equipment” on his units, he must be certain that 
they will operate just as efficiently and dependably as 

the unit they are to serve. 


That is why Cleaver-Brooks Company, of Milwaukee, and 
many other manufacturers have standardized on BS&B. 

They know that BS&B Automatic Controls can always be 
counted on for precise accuracy, superior quality, long 

life and outstanding performance! 

Why not make BS&B Automatic Controls your first choice 
too—both for “original equipment” and for replacements? 
Your BS&B Representative will be glad to give you detailed 
information. Or you may write to... 


Controls Division, Dept. 4-ES1 


7500 East 12th Street Kansas City 26, Missouri 
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. WHAT’S NEW 


. 
rector of engineering and Earl R. has built up an impress! 
Skaggs assistant general manager, a is a result of experienc 


new position lampico 1 vice-presi lowing organization ( 

dent, has been director of research, Engineering Corp., Hugh 
ind Skaggs, also a V-P, formerly wa l'rans-World Airline Ansco Div. o 
director of product engineering General Analine & Film Corp.; Aet 
> lhe two men who have taken ict Div. of General ‘Tire & Rubber 
charge of Norden-Ketav ( orp nev Co.. Navy Underwater Sound Labora 
Western Div. at Gardena and Haw tory, and the scientific staff of the Di 
thorne, Calif., were both formers of War Research at Columbia U1 
with the Arga Div. of Beckman In ersit) 

struments, In Ihey are Amold > Seymour Blechman bring 

Raines, general manager, and Herbert experience in flow measureme! 
Galman, manager of the Engineering control to his new post of ex 

Dept. Plants at the two citi vill vice-president of Brooks Kotam 
carry Out research, engineering, dé Co., where he will coordinat 
vclopment, and sales and service on a guide product improvement ind 
completely self-sufficient basis. N-K’ pansion, Most recently h 
mantifacturing operation in California Vischer & Porter Co. as vice-pr 
has been integrated into the new divi ind sales manager 

son > When Harold EF. Carlson moved 
P Perry C. Smith, the new manager from manager of the Eastern Div. of 


PRD TRANSISTOR- of the Equipment Dept. of Clevit Servomechanisms, In to progran 
Corp.’s Brush Electronics Div., wa ontroller, Gerard Q. Decker tool 
MAGNETIC general manager of the Electronics In over at the Westbury, N. Y., division 
struments Diy. of the Burroughs Corp headquarters. As program controll 
before joining Brush early in 1955 Carlson joins the executive ofh taff 
SERVO AMPLIFIER Prior to that he was manager of scien Decker was formerly with R 
tie mstruments engineering for RCA Mig. Co Government du 
~ weighs only 21 ounces Clevite Research Center, which do Diy 


— measures 3% . 2 x 2% research and deve lopm« nt work for PESC ¢ orp high power pulse 
ill Clevite units, has named J. Knee ing networks are unique in th 

The Type R40G7W6 =o — go land Nunan to the new position of try, now that a brain has been 

4 

saselicalinr doahanek to dete paneiial vice-president and general manager. l'o be specific, Bernard Brain, 
connected Bu Ord MK7 and MK14 Nunan, who most recently was presi is a department head, will hay 

4 cps servo motors from potenti aent oO ponsolhidatec ‘acuum /OTP., nical responsibility for ce 

00 f lent of ¢ lidated \ ( | bilit | 

ometer, synchro or resolver data. The 
unit has a built-in silicon transistor 
preamplifier and requires no stabil 
izer, demodulator or d.c. power sup 
ply. Truly remarkable performance is 
achieved with this unit as can be 
seen from the complete specifications. 


Specifications 


Maximum output: 7 watts 
57 v ac., 400 cps 

Voltage gain: with MK7 motor 2000 

with MK14 motor 2400 
Bandwidth: 0 - 70 cp 
Zero drift: less than 3 mv ref. input 
Saturation Signal: 50 mv 
Input impedance: 15,000 ohms 
Amb. temperature 55° to + 85°C 
Stabilization: Internally provided 
Power supply: 115 v + 10%, 400 cps ~ oh Seymour Blechman 
Hermetically sealed 
Meets MIL-E-5272, Procedure | 


Vibration Specifications 





Write for complete folder 
on PRD Magnetic Amplifiers 


DEVELOPMENT CO., INC. 


| * 


202 TILLARY STREET | ee 


| 


BROOKLYN i NEW, YORK f 
elephone: er 2-6800 
, Bernard Brain W. H. Kushnick Oliver Mueller 
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800 ton double-action under-drive metal forming 
press, driven by Dynamatic model 37-32 com- 
bination eddy-current coupling and brake. 


iy 





EDDY-CURRENT 
EQUIPMENT 


is Solving Speed Control Problems 
in Every Major Industry 


In practically all testing, processing and conveying equipment 
common to industry, Dynamatic eddy-current rotating equip 
ment is solving a wide range of adjustable speed drive problems, 


particularly where an AC power source is a requirement 


Advantages include rapid response, stepless adjustabl speed 
control, wide speed range, quict operation, low power loss, low 


maintenance cost, adjustable speed from an AC power source, 


Send for Bulletin GB2, which describes and illustrates the basic 
Dynamatic eddy-current units, including couplings, brakes, 


dynamometers, press drives, and Ajusto-Spede" drives, 


Tandem Dy atic dy ters, rated 20000 ModelWC-1308 Dynamatic adjustable speededdy- Dynamatic adjustable speed eddy-current air- 
H.P., 600 to 5800 RPM. A cradied gear box per- current coupling with eddy-current brake, used as = craft wind tunnel drive, 18000 H.P. at 480 RPM 
mits turbine testing to 15000 RPM printing press drive. Rated 20 H.P at 1700 RPM 


a ae ie 


Paper pulp washer driven by Dynamatic model Dynamatic model WC-160 adjustable speed eddy- Roofing material machine driven by 23 Dynamatic 


WC-160 adjustable speed eddy-current coupling, current coupling, rated 100 H.P. at 1100 RPM, Ajusto-Spede” drives 


All drives end controls 


rated 125 H.P. at 1100 RPM. used as cement kiln drive completely enclosed and force ventilated 


EATON 





DYNAMATIC DIVISION 
MANUFACTURING COMPANY 


3307 FOURTEENTH AVENUE . KENOSHA, WISCONSIN 
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BARBER Small 
COLMAN Motore 











new free catalog helps select exact motor needed 


Get this helpful new catalog of Barber 
Colman a-c shaded pole motors. Designed 
for applications requiring long 

life, rugged construction, these 

quality motors with high start 

ing torque, low-inertia rotors 

provide qui k positive Starting un 

der adverse conditions. Various models 

of the four types shown below 


REVERSIBLE MOTORS 


Adaptable to a variety of control 
circuits to meet many different 
requirements demanding a compact 
and powerful fast-reversing motor 
Widely used for servo-mechanisms, 
remote switching and positioning 
devices voltage regulators, pen 
drives. Available with gear trains, 
open or enclosed, in wide range of 
ratios. Low-inertia rotors permitting 
rapid reversing and follow-up make 
these motors ideal 

for many elec- 

tronic control cir- 

cults. 


“5 

UNIDIRECTIONAL SYNCHRONOUS GEARED 
For driving pumps, projec For chart drives, timers, For vending and office 
tors, blowers and fans for microfilm cameras, oscil machines, rotisseries, TV 
refrigerators, gear trains lographs, and similar ap tuners, program switches, 


for vending and office plications etc. Model shown for over 
machines, et hanging loads 


the complete line of Barber-Colman motors includes uni- 
directional, synchronous, and reversible motors up to 1/20 
hp. With and without reduction gearing open or enclosed 
types. Expert engineering service available to help you get the 
exact motor for your application. Write today for your free 
copy of new Catalog F-4271-6. 


Barber-Colman Company 


Dept. A, 1248 Rock Street, Rockford, Illinois 


Small Motors Automatic Controls «industrial Instruments -Aircraft Controls -Air Distribution Products 
Overdoors and Operators « Molded Products « Metal Cutting Tools «Machine Tools. Textile Machinery 


34 CONTROL ENGINEERING 


WHAT’S NEW 


lopment of the network Brain wa 
instrumental in development of PTM 
communication ystems | bederal 
I clecommunication Laboratori 
vith which he associated for 10 year 
> William H. Kushnick, cxccutive di 
rector of ISA, has been appointed 
chairman of a special committee that 
vill review the perse nnel ynmenda 
tions made by the Ho I ii 

ion on the busine 
the Dept. of Defens 
pomtment was mad 
ment 
© Oliver Mueller, who has been named 
chief enginecr of the Aircraft Con 
trols Div. of Gorn Electric Ce ha 
been chief enginecr of Fischer & 
Porter Co. and chicf tool engineer of 
the Ordnance Div. of Bell Aircraft ¢ 
> Concurrent with the retirement of 
Carl H. Bissell, c-president for 
cngmecring, these ex ippoint 
ments have been made by Crouse 
Hinds Co.: Albert H. Clarke, commer 
cial vice-president, to succeed Bissell 
Jav R. Petree, assistant chicf enginecr, 
to chief engineer, and John R. Haney, 
to succeed Clarke as manager of the 
Hiumination Dept. Bisse 1 pionect 
in clectricitt onceived t t auto 
matic trath ignal ler and 
fostered development tf Crouse 
I hinds explosion-proof lectrical equip 
ment for hazardous area Ile jomed 
the company in 190] 
P ‘Il wo research scientist vhose fields 
we principally physi have been 
named associate directors of the West 
inghouse Research Laboratori The 
ire: Dr. Daniel Alpert, whose work 
in ultra-high vacuum re rch cul 
minated this year in coveted re 
tion by the American Association fo 
the Advancement of Science, which 
tamped one of his papers the most 
noteworthy one pr ented at it ( 
sion in Berkeley, Calif md Dr 
Aaron Wexler, whose | temper 
ature laboratory, established by him 
at Westinghouse in 1947, has received 
international acclaim for studics of 
clectrical and magnetic properties at 
temperatures as low as a fraction of a 
degree of absolute zcro ert jomed 
Westinghouse | \ <ler mm 
1947 
> Dr. Leland G. Cole, who last vear 
directed the dynami laboratory of 
Robertshaw-Fulton Controls Co., ha 
been named to the research staff of 
Consolidated Engineering Corp. At 
the same time Kenneth Hines, a r 

ich chemist formerly with Shell 
Oil Co.’s Houston refinery, joins the 
company as a project engineer in the 
Svstems Diy 





THE HEART OF THE HOMING SYSTEM 


‘Doelcam_— 
Master-precision Gyroscopes 


DoELCAM Master-precision Gyroscopes and Gyro Stable Platforms are standard 
equipment in many of today’s missile and aircraft stabilization and guidance systems, 
Shown here are three standard models Specialized versions of these models or 
completely new designs can be produced in quantity to suit your requirements 
exactly. Avail yourself of the same engineering know-how that has successfully 
designed gyros for the LARK, METEOR, TAI OS, RASCAL, BOMARC and 
LACROSSE Missiles and the same production team that has made DOELCAM the 
largest single producer of gyros for the bombing and navigational computer used 
in the B-36, B-47 and B-52. We invite your inquiry 








Cageable Free Gyroscopes, Type CFG-P (Poten 
tiometer Pickoff) and Type CFfG-S (Synch 
Pickoff) for guided missile instrumentation 
control system These gyros measure ang 
deflection about either one or both gimt 
The rugged implicity of the caging m« 
and the rail-type mounting enable thes 05 to 
withstand severe shock and vibration, W ht 
— S5'% It Sie 51% long x 4° diameter 
(exclusive of mounting flange). Drift than 
“4° per minute. Remote caging and uncaging 
Write for Bulletin CFG.34 


Rate Measuring Gyroscopes, Type K for guided 
missile control and homing systems and flight 


HaeY: aE Maes aS 
at Beaton evaluation of military aircraft [hese models 


measure absolute angular rates where high accu 


racy and superior dynamic response are essential 
Linear output signal prope rtional to input rate 
within 0.25% of full ‘ Withstand 100G 
shock in any plane and 15G vibration up to 
2000 cps. Weight-——3% Il Size 5%” long x 
3.20” diameter. Write for Bulletin KG 34 


Rate Measuring Gyroscopes, Type IR for tactical 
weapon systems requiring le than one minute 
warmup. Incorporate dampin mpensator for 





ERS FIELO ROAD Output signal proportional to input rate within 


A DIVISION OF MINNEAPOLIS-HONEYWELL | moetrwett | BOSTON 35, MASS. 0.25%. Withstand 50G shock, 15SG vibration 
—— up to 2000 cps. An ir Momentum 10* 
Instruments for Measurement and Control gm.-cm.2/sec. Size 3%" long x 2.0” diameter. 


Synchros « Gyros + Amplifiers + Microsyns ¢ Servo Motors Write for Bulletin jG.34 
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ew EI 
Digital Ohmmeter 


automatically measures 
resistance values 


within Wik 
+ ge 


Digital accuracy at a glance; 
extremely simple operation! 
If you want to precisely measure re- 
sistance values in the laboratory or 
on the production line, the new E-I 
Digital Ohmmeter is for you! Meas- 
urements are made automatically by 
balancing an automatic bridge with 
When bal- 


ance is achieved, the measurement is 


the unknown resistance 


visually presented in a unique digital 
in-line read-out, Since no interpreta- 
tion is required by the operator, read- 
ing ambiguity is eliminated. Printer 


operation can be provided if desired. 


other important features 


Automatic Ranging — Decimal point positioned 
automatically. Window displays {2 or Ki 


Excelient Stability Careful arrangement of 
bridge elements and use of selected, pre- 
cision wire-wound resistors eliminate 
drifts 


instant Readings — 4.digit models 
5-digit models: 1 second 


One-Point Calibration Adjustment — Primary 
calibration set at factory with certified 
standards from the Bureau of Standards 

Rugged Construction — Aj! metal frame. Unitized 
construction 


Easy Readability..1” numerals. Minimum light 
interference and cross lighting 


Reliability EI. design techniques proved in 
hundreds of rigid applications 


Yq second; 


+ 
New E-I Digital Voltmeters 
measure AC to 0.1% and DC voltages 
to 0.01% accuracy feature 
automatic continuous calibration 


Write for complete specifications 


LECTRO 
NSTRUMENTS 


inc 3794 Rosecrans Street San Diego 10, California 


Representatives bf) »aajor U.S 


and Canadian industrial areas 
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Flanking Dr. Joseph W. Barker, of ASME, are engineer-tourists 
Vladimire P. Loukine (left) and Georgi P. Kazanski, both of Moscow. 


Soviet Control Engineers Unmoved by U.S. “Automation” 


Whoever in our State Department 
labeled the two visiting Soviet contro} 
engineers mad? 
a result the two spe 
cialists were taken on a misguided two 
weck whirl of standard big-plant facili 
tics, with the accent on transfer and 
production rather than measurement 
ind feedback 

At the 
th 


“automation experts” 
i sad mistake: as 


tour’s 
could 


asked 


press conference at 
Russian’s comment 
ilmost be predicted. When 
what they thought of the “highh 
automated” plants they saw, they r 
plied, “We saw nothing new.” And 
asked to name the most “interest- 
ing thing,” the answer was, “The 
most interesting thing is that we did 
not see what we wanted to see.” 

The visiting engineers—V. P. Lou 
kine of the Soviet Machine Construc 
tion Ministry, and G. P. Kazanski of 
the Radio Technics Ministry—were 
much more disappointed than ironic. 
Actually, they had nothing but praise 
for the ASME, who acted as their 
host on the tour. And for their recep 
the land. But it was 
obvious that they knew that advances 
in the art of control did exist here and 
that their itinerary, arranged along 
“automation” lines, frustrated their 
chances to see these things 
Parallel] Developments in USSR 

At the Con 
rROL E.NGINEERING’S representative at 
tempted some questions about various 
aspects of control in USSR. Here are 
some of the comments he received: 
PDigital Computers ipparently 
USSR has developed large numbers of 
large-scale digital computers. These 
are mainly being used in tackling sci 
entific research problems and in sta 


end 


tion across 


press conference 


tistical data proces ently 
capable 


of the 


ing. One r 
deve loped Soviet computer 

of solving differential equation 
sixth order 
> Machine Control—the iw no 
closed-loop Ol tech 
niques on U, S. machinery in their 
tour that has not its parallel in USSR 
Apparently the Machine Construction 
Ministry is deep into 
ng probl Ws 

> Solid-State Devices 
to be at about the 
velopment in 
other solid state devices a 
lHlowever, Mr. Kazanski indicated that 
Russian engineers were stressing this 
approach more in the design of indus 
trial 
commercial communication 

> Refinery Control—one plant in the 
Russians’ tour was the Standard Oil 
refinery in Cleveland. The control 
panels there did not impr them 
[hey claimed that similar installation 
have been in USSR for the past 15 t 
20 years 

> Electronics in Control—th 
engineers estimated that abe 
cent of all measuring apparatus in 
USSR control systems employed cle 
tronic techniques. ‘They claimed that 
Soviet production of electroni 


measurement 


ontinuous gag 


USSR was held 
ime level in de 
transistors and 


the U.S 


using 


measuring equipment than in 


visiting 


yut 20 per 


equip 
ment has gone up five-fold in the past 
five years 

It was apparent that th 
were highly skilled engineet 

well steeped in control theory and 
ipplication. Our editor, near the end of 
the conference, suggested that they re 

turn this spring for the IRI 
next fall for the ISA 


for an industrial tour guided by 
control engineer, 


visitors 


and very 


how, and 
onference. And 
trained 





LAMI- TEMPERED STEEL 
] ! SII SPRING — absorbs 
vibration — holds 
assembly firmly in 


wy alignment 
HARDENED BERYLLI- | 
UM COPPER PLUNG- 
ER GUIDE — reduces 
friction ond wear. 


SHOCK - ABSORBING 
BUMPERS — reduce 
self - destruction, 
cushion stroke, as- 
sure longer service. 


HEAVY SILICONE 
INSULATED MAGNET 
WIRE — wound on 
high flow point - 
molded nylon 
bobbin. 


HORIZONTAL PUSH-TYPE VERTICAL PULL TYPE 
WELDED BASE SHOCK-MOUNTED 


INDUSTRIAL SOLENOIDS 


VERTICAL PUSH-TYPE AC WAFER SOLENOID ' _ ee 
WELDED BASE n addition to all the “inside” advantages, 


Decco Solenoids are compactly designed and 
FOR COMPLETE 


thoroughly impregnated with silicone baking 
INFORMATION ON ALL , , , 
varnish for high moisture resistance. 
DECCO INDUSTRIAL 


SOLENOIDS 


Decco Solenoids are made in all types, sizes 
WRITE: 


and shapes. SPECIAL SOLENOIDS ENGINEERED 
TO YOUR PROBLEMS. 


DC INDUSTRIAL SOLENOID 
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This Bailey Armortube Cable 
can save you time and money 


With this new material especially designed for pneumatic connecting lines you can make better instrument 


and control installations in less time and at less cost. Here's why 


Simple Standard ARMORTL BE* cable is stocked in three convenient sizes: bundles 
of four, eight, or twelve \ inch O.D. aluminum alloy or copper tubes. Other 
sizes are available on special order. It's a ready-made, fully protected piping 
material for transmitting pneumatic signals between measuring units, in- 
struments, and control units, 


Safe The flexible metallic covering guards against every hazard, internal or ex- 
ternal. Patented rope-like arrangement of tubes eliminates danger of collapse 
at sharp bends—and damage from external blows or vibration is minimized 


by protective outer covet ing. 


Compact All necessary lines can be snaked through tight quarters or around corners 


with a minimum of connections. No need for unsightly, bulky channels, racks 


or other special mountings. 


Economical Installation is fast. 100 foot coils and 500 foot reels permit long unbroken 
runs, Colored tracer simplifies connections at terminals. Slightly higher first 
cost is quickly amortized by savings in materials, and installation time. For 
further information and specifications ask for Bulletin and Price List G91-9. 


P-30 
* Registered Trade Mark 


BAILEY METER COMPANY 


1079 IVANHOE ROAD @ CLEVELAND 10, OHIO 
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GUARDIAN 
CONTROLS 





SERIES 1200 SERIES 805 


YB. 
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a 








— 


= 


NO. 18 














GUARDIAN woe. 





RATCHET and INTERLOCK 


RELOIDS* = nasi 


SERIES 1200/1200 


aS | = 





* APPROVED 
RELOID—A switching device actuated AIRCRAFT SOLENOID CONTACTORS 


by means of a plunger, combining 
functions of a relay and a solenoid. 


200 AMPERE 


x 





SWITCHES B= 





MOTOR REVERSING FEATHER-RUB 








APPROVED 
AIRCRAFT RELAYS 


AN 3303 


Cirle. - today for free Guardian Literature 
GUARDIAN @ELECTRIC 


1623-A W. WALNUT eee CHICAGO 12, ILLINOIS 


scomrcvet ereo.s tthevein e@teicae teoettear 


SERIES 2005 
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Accuracy better than 0.05% 
Maximum interaxis error as low as 1’. 
Very low distortion. 

60 or 400 cps. or wide band 


With or without booster amplifier 
compensation. 


Standard military frame sizes 


the HIGHEST PRECISION resolvers available 


REEVES PRECISION RESOLVERS 
AND RELATED COMPONENTS 


MINIATURE BOOSTER 
PRECISION AMPLIFIERS 
RESOLVERS 


Reeves’ many years of experience as a pioneer in the field 
has made it possible to manufacture these compact precision 
resolvers in quantity production to a functional accuracy 
of 0.05% without culling—or to an accuracy of 0.03% on 
special order. Harmonic distortion and null voltages are 
held below one-tenth of one per cent. 


Reeves resolvers are primarily designed for 60 and 400 
cps. operation, with or without booster amplifier compensa- 
tion. Special units are available for use at over 100 kc 
bandwidth. The Reeves R600 series is the standard of 
comparison among precision resolvers. Miniature resolvers 
of highest precision are also available. 


Write for the Reeves Resolver Handbook. 





= 


PHASE CONTINUOUS 
SHIFTERS RESOLVER 
CHECKER 
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REEVES INSTRUMENT CORPORATION 


A Subsidiary of Dynamics Corporation of America 
209 East S9ist Street, New York 28, New York 





PACKAGED PRECISION 
MEASUREMENT 


Baldwin SR-4 Load Cell simplifies materials 
weighing at The Valley Camp Coal Company 


Continuous electrical weighing of coal moving on a con 
veyor belt to river barges has simplified measurement 
of coal shipments and mine production at The Valley 
Camp Coal Company, Moundsville, W. Va. Furthermore, 
this new system gives greater assurance of bills of lading 
than those determined by water displacement of barges 
Heart of this weighing system, designed by Trans 
Weigh Co., Wayne, Pa., is a 300-lb. Baldwin SR-4 Load 
Cell. Installed under the conveyor belt, this cell take 
tensional loads and transmits weight signals electrically 
to a recording instrument in a distant mine office. Here 
the recorder shows instantaneous rates of flow of coal 
on the belt in tons per hour, a continuous circular chart 
record of flow rates and the total tonnage of coal carried 


on the belt to barges. Another totalizing counter at an 


Eddystone Division 


BALDWIN-LIMA-HAMILTON 


operator’ position on the dock add 


of the system. Accuracy of thi 
be within | 

Valley ¢ amp also uses their m to check 
estimated tonnages coming out o mine car 


and to make more accurate daily reports of coal handled 


Packaged 
Precision Measurement. Wiehly a SR-4 Device 


You too will henefit by l ! iawin 


are ruggedly built to take s¢ ind overload 


There are no moving parts to They're sealed 


against dust, dirt and moisture. Send 
of SR-4 Di 
electronically either load, torque 


hooklets detailing us¢ 


Dept. 3065, Baldwin-Lima 
Philadelphia 42, Pa 


in Canoda: Peacock 6bros., Ir Montrea 


Please send me the followw q new literature 
Bulletin 4300 (introduction to SR-4 Devices) 
Bulletin 4301 (SR-4 Load Cells & Load Bean 
Bulletin 4304 (SR-4 Crane Scale 
Bulletin 4302 (SR-4 Weighing of T 


1s) 


Hoppers) 





ACCURATE 


LOW WEIGHT 
es ae 4 
ECONOMICAL 


HIGH RELIABILITY 
HIGH PRECISION 
HIGH QUALITY 


FREQUENCIES 





FREQUENCY STANDARD 
240 io 800 Cycles 
Type 50C 
s+ .02% at — 65° to 85°C 
Type R50C 
+ .002% at 15° to 35°C 





FREQUENCY STANDARD 
200 to 4000 Cycles 
Type 2003 C 
+ 02% at — 65° to 85°C 
Type R 2003 C 
t 002% at 15° to 35°C 
[ype W 2003 C 


t .005% at — 65° to 85°C 





FREQUENCY STANDARD 
200 to 2000 Cycles 
Sub-miniature Tube 
Type 2007 
+ 02% at — 65° to 85°C 
Type R 2007 
+ .002% at 15° to 35°C 
Type W 2007 
t 005% at — 65° to 85°C 








FREQUENCY STANDARD 
200 to 3000 Cycles 


Type 2001-2 
+ .001% at 20° to 30°C 


WHEN REQUESTING 
INFORMATION 
PLEASE SPECIFY 
TYPE NUMBER 























15 oz. av 





PRECISION FORK UNIT 
240 to 800 Cycles 
Type 50 
+ 02% at — 65° to 85°C 


Type R50 
+ .002% at 15° to 35°C 





PRECISION FORK UNIT 
200 to 4000 Cycles 
Type 2003 
+ .02% at — 65° to 85 
Type R 2003 
t .002% at 15° to 35 
Type W 2003 


+ .005% at — 65° to 85 





FREQUENCY STANDARD 
240 to 1000 Cycles 
Transistorized 
Type 2007 T 
02% at — 65° to 85 
Type R 2007 T 
+ .002% at 15° to 35 
Type W 2007 T 


+ .005% at — 65° to 85' 





ACCESSORY UNITS 
for Type 2001-2 


L—for low frequencies, 
multi-vibrator type, 40-200 cy, 
D—for low frequencies, 
counter type, 40-200 cy 
H—for high freqs., up to 20 KC 
M—Power Amplifier, 2W output 
P—Power Supply. 








. American Time Products, Ine. 


580 Fifth Avenue New York 36,N. Y. 


MPAN 
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yo LEAKAGE! a 


Now, a controlled-volume proportioning pump for laboratory application, 
pilot plants, and industrial production, where requirements are for pumping 
of precise volumes at micro-flow rates without risk of leakage or contamination 
of fluid being pumped. The “Microflo” Pulsafeeder combines the best features 
of both piston and diaphragm pumps by using a piston for constant volume 
measuring purposes and a diaphragm to seal the product pumped against leak- 
age or contamination. All liquid handling parts have been selected for their 
resistance to corrosion. Maximum pumping capacity is 2150 ML. per hour, 
maximum discharge pressure 1000 psig. Pumping rate of the ‘““Microflo’”’ Pulsa- 
feeder can be manually adjusted while the pump is idle or operating, or if 
desired, complete operation can be governed by automatic controls. 


WRITE 


for Bulletin 500 which contains complete 
information and specifications on the 
new “Microflo” Pulsafeeder. Lapp 
Insulator Co., Inc., Process Equipment 
Division, 396 Wilson St., LeRoy, N. Y. 
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Application in structure dynamics and the unique 
building block expansion of EAI Computers. . 


An engineer was anxious to determine the vibration and the engineer was able to divide the beam into more sections 





stress Of a beam, one end of which was to be solidly built of smaller size and obtain a greater degree of accuracy 


into the support while the opposite end was to be unrestrained 
Such features as this unique buiding block system, problem 


This engineer accomplished this on an EAI Analog Computes check sucomatic readouts, and powerful amplifiers have 
while the beam was still in blueprint stage. For on thi earned EAI Analog Computers an unsurpassed reputation for 
computer, he was able to produce various modes of vibration peed, accuracy, and efficiency 

by applying appropriate initial conditions at each of the 


‘ Complete details on this equipment and on rental of time 
nodes. The response of the nodes when an initial displace 


ind equipment at The Computation Center in Princeton, New 
Jersey will be forwarded on request. Write Dept. Cl 
Electronic Associates, Inc., Lung Branch, N. J. 


ment of the tp station is suddenly released can be observed 
in the above illustration 


Naturally, in a problem such as this, it is importante that the 
engineer be able to obtain the degree of accuracy needed to 
meet his specific requirements. This can be done on EAI 
Equipment, for EAI’s unique building block system makes 
it possible to expand the computer tO meet your speciti 





EXPANDED 
16-31K 
ANALOG 
COMPUTER 


needs, Thus by making use of more computing equipment, 























ELECTRONIC 
ASSOCIATES RPmiteera tee 








PRECISION ANALOG COMPUTING] EQUIPMENT, 














LONG BRANCH + NEW JERSEY 
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INDUSTRY’S 
PULSE 


Control Stacks Up 
Mighty High Ahead 


Launching makers and users into a promising new year ar 
two rather incredible—but well validated—figures on the immedi 
ate and future potential for automatic control, just released by 
McGraw-Hill’s Department of Economics 

P An overall plan by manufacturing industry to spend 

30% more for new plant and equipment in 1956 than it did 

in 1955—that’s close to an increase of $3 billion 

> A projected five-year advance by all industry from a cur 

rent $385 billion gross national product to $440 billion in 

1960—a growth in which the control field will lead all 

others by 50% 

lhe McGraw-Hill annual estimates on capital spending plans 
based on a questionnaire mailed to a cross-section of business 
and industry people early each fall, long have been considered 
one of the most accurate indicators of the business outlook. But 
results of the last survey astonished even the economists who 
made it: huge upsurges on top of a record $29.4 billion spending 
in ’'55—almost as great as industry's expansion in 1951, when the 
Korean War began 

Specific plans by certain manufacturing groups are eye-pop 
pers. Iron and steel firms top the list with a prospective increas¢ 
in spending of 72% —from $865 million in 55 to $1,488 million 
in the coming year. Auto makers also plan a giant buying spree 
Their expenditures last year—$1.1 billion—are dwarfed by 
an expected $1.9 billion in ‘56. ‘The non-ferrous metal makers 
will run third with a 54% boost in new plant and equipment 
($173 million more than in the past year 

Other traditionally large users of control also will have many 
more dollars to spend. Samples: chemical—up 34% to $1,383 
million; paper—up 30% to $640 million; transport equipment 

largely aircraft)—up 14% to $319 million; oil refining—up 
14% to $825 million. Gains in others will be more modest 
textiles—10%; machinery—7%; ceramics—7{.; food—5% 

A paradox is revealed in the plans of certain other industries 
In this group were the instrument and control makers—and 
they report a planned increase in new plant in 1956 of only 


2%. Yet we are told that control production was stretched 





it even amazed 
the case-hardened 
economists 


Will control be 
all sold out? 
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FORD INSTRUMENT 


solved one design problem by 


CASCADING RESOLVERS 
WITHOUT 


ISOLATION AMPLIFIERS 


To get around a problem that arises in almost every resolver application 
Ford engineers recently designed a computer which, among other 
things, employed a chain of cascaded resolvers to solve complex trig- 
onometric equations, without the use of isolation amplifiers. They 
solved such an equation as: 





A sin a cos ¢ + A cos asin b sin c + B cos b sinc 


This was successfully done, without use of vacuum tubes or amplifiers 
in this circuit: 


Asnatine 4 
A cosa sin cos c + 8 cos b con « 
_ 

















Adin a cone 


—— v/s 
+ A cosa sin b sinc + B cos b sine 

















In view of the widespread use of resolvers to generate sine and 
cosine functions in modern electro-mechanical analogue computers, it 
is of great practical significance. Resolvers produced by the Ford Instru- 
ment Company have now reached such a high degree of precision, that 
it is possible to obtain, from an unloaded resolver (which accommodates 
a single angular quantity only), an accuracy to within less than one 
tenth of one percent. But most computing circuits call for the use of 
several resolvers, and once an ordinary resolver is loaded by another 
resolver, no matter how high its precision, the overall accuracy of the 
resolver cascade is seriously affected. 

The conventional method of avoiding this difficulty is to use an isola- 
tion amplifier for each resolver, so that the resolver continues to operate 
under no-load conditions regardless of the size of the cascade. ‘The 
importance of cascading without amplifiers is readily appreciated if we 
realize that the isolation amplifier usually increases the cost of the equip- 
ment, more than doubles the size and generates many times more heat 
that must be dissipated to prevent breakdown of the components. Fur- 
thermore, the use of vacuum-tube amplifiers always raises the problem 
of tube ruggedness and reliability, and requires an additional source 
of d-c plate voltage. 

Have you problems which the engineers at Ford might solve by 
designing and manufacturing computers, controls or their elements? 
Write for further information. 


(e 85 
FORD INSTRUMENT COMPANY 
Division of Sperry Rand Corporation 
31-10 Thomson Ave., Long Island City 1, N. Y. 
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Ford’s capabilities are among 
the finest in the country 


One of the Ford laboratories where a 
particular design project has called for 
careful study of resolvers and resolver 
cascading. Two of the engineers assigned 
to this project are here checking results. 
From this work will come one of the 
new, highly classified weapon systems 
for the armed forces. 


For accuracy and retsiability—both vi- 
tally necessary in military instruments 

experienced machinists must work to fine 
precision—in the order of .0005 of an 
inch. Here in one section of the shops 
of Ford Instrument Company, men are 
milling parts for an airborne computer. 


During the past year Ford Instrument 
Company has been busy working on 
many contracts for the U. S. Air Force 
and the U. S. Navy Bureau of Aeronau- 
tics, designing and manufacturing com- 
plex computers, controls and their 
components. For over forty years, Ford 
Instrument Company has devoted most 
of its efforts in working for the govern- 
ment to the many problems of weapon 
controls, 





...- INDUSTRY’S PULSE 


taut last year. How will they keep abreast of the new demands? 
Inherent in the McGraw-Hill outlook for the U.S. economy 
in the next five vears is a warning to control manufacturers that 
they will have to shuck aside conservatism if they want to sta 
ahead of industry. And stay ahead they must if they are 
to fulfill an estimated increase in unit sales of 50° by 1960 
Not far behind control in the estimates of growth in the next 
five years are the chemical field (40°. ) , electrical power genet 
ating equipment +)", _ and atomic cnergy which is reckoned 
at 35%, but which may zoom with new developments) 
Other industries that ar expected to show above-average 


had 


20-25%.) growth petroleum, appliances, construction, metal 
working. Average growth (15°7) will be shown by the trucking 
and mining industries. And below average growth will occur in 
food, textiles, and aircraft manufacture 

Only one major market for control is expected to decline in 
the next decade: detense this market, now involving S41 
billion for developments and product, is expected to drop to $36 
billion in 1960, $30 billion by 1965. But, the economists hasten 
to add, these figures are likely to rise dramatically with any crisis 

Conclusions that can be drawn from the two surveys can 
bolster and guide the control engineer in the days ahead. For 
one thing, he can still count on sizable control activity in such 
large continuous process industries as chemical and oil, where 
the outlay for automatic control often approaches 20°. of new 


plant spending \nd he can look. for almost proportionate 


gain in emphasis on using control by the other industries as 
they strive to continuize or ““‘automatize’ their operations 

But the fact that he can count on the most—whether le 
designs control, or puts it to work in the field—is that he'll be 
rather busy for the next few vears. So busy, in fact, that he 
may have to work 70 hours a week to help bring in the 35-hou 
work weck that industry seems to be headed for 





As control grows— 
so grows the nation 
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N AW | AC speed sensing control 
& 


@ accurate within 2 of 1% of 
operating speed settings 

@ no attention required be- 
tween engine overhauls 


@ exceeds all requirements of 
Mil-E-SOO9A 


Through Drive Shaft ss r : 
. The most sensitive control of its kind 


Pads at beth ends yet preduced for use on gas turbine engines! 
Snap-Action Switches 
; Now, you can automatically control ignition at set engine speeds 
_— Flyweight ... control fuel flow ... operate hydraulic bleeder valves 
ssembly 
actuate afterburners ... or any of a dozen other operations 


important to the functioning of a gas turbine engine. 


But, the amazing part is this: This new AC Speed Sensing Control is 
so carefully engineered, and so precisely built, that it will ‘repeat’ 
within a tolerance of less than \/, of 1%. 


What's more, this small-size, lightweight control will operate 

switches at as many as four different predetermined speeds. It is 

QUALITY designed to withstand high engine vibration, is ignition-proof, 
PRODUCTS will hold calibration and operate without attention for periods 


exceeding engine overhauls. 


AC can design a Speed Sensing Control to fit the specific require 
ments of any aircraft or industrial application in the gas turbine 
field. If you have a speed sensing problem, write direct to AC in 
Milwaukee. Your inquiry will receive a prompt reply. 


AC SPARK PLUG KY THE ELECTRONICS DIVISION OF GENERAL MOTORS © FLINT, MICHIGAN ® MILWAUKEE, WISCONSIN 
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Interchange 


Fortifies 


Control 


he interchange of control system technology and equipment between mili 
tary and industry has widened and fortified the base of practice throughout 
the entire control field. Although the movement has been catalyzed by publi 
cation and education, its maim spearhead has been the mobility of the control 
enginecr himself 

loday the shuttle of ideas and hardware is predominantly from military 
to industi Componcnt uch as the clectro-hydrauli pow 
entire sets of mathematical tools for analysis and synthesi 
tems of information handling have made the switch, ‘The 
is |e one-sided, A recent questionnaire to a cross-section 
roughedan the dimensions. Of the respondents, one-quarte: 
control work, two-fifth olely industnal control, and one-th both, On 
eighth had changed from industry to military and one-eighth had moved the 
other way—a numerical draw but a healthy gain in the spreading of know-hov 
\ whopping majority (three-quarter of those in militar itrol foresay 
in industrial future for their work. They ranked machine cont ipplication 
first and process control econd 

Phe flow of control people, product, and principles was not alwa reate! 
to industry. At the start of World War II, designers of ordnance and guidance 

tems drew heavily on industrial sources. from the steel mill they borrowed 
the amplidyne generator and the hydraulic positioner. ‘The thyratron cam 
from the resistance welder, the selsyn from synchronizing applications at the 
Panama Canal. and the highly sensitive pneumatic transmutt id controller 
from petroleum refining. ach interchange increased our m 1 of sat in 


irmament. Each will fortify our industrial productivity toda 


Pik, EDITORS 





Through dynamic analysis the control engineer strives to optimize control 
performance and cost. To perform this analysis he must know the dynamic 
characteristics of each separable part of the complete system. Articles 
by Reswick (Vol. 2, No. 6) and Reynolds (Vol. 2, No. 10) described how 
to extract these characteristics from responses to sinusoidal and random 
disturbances. This article, first in a group prepared by CONTROL ENGI- 
NEERING editors from a forthcoming book by Taylor Instrument authors, 
briefly shows how to derive dynamic characteristics of existing plants by 
extracting from response to known experimental step disturbance. It then 
presents a method for calculating the characteristics of a plant that may be 
in the design stage and works out three plant examples using the method. 
Subsequent articles will complete the integration of process, transmission 
elements, and controller into a complete automatic system. 


How to Reckon 


Basic Process Dynamics 


LESLIE M. ZOSS, Taylor Instrument Cos. 


shown here. ‘This technique involves the evaluation 


, of linear transfer lags 
Process control improvement requires an adequate 


knowledge of the dynamic and static characteristics Single Linear Transfer Lag 


of the system to be controlled. Dynamic character 
istics consist mainly of combinations of'transfer lags 
and distance velocity lags. Often in a system study, 
these characteristics are assumed. How can then 
actual magnitudes be found? 

‘T'wo possible approaches ar 

EXPERIMEN'TAL—in which the process chat 
acteristics are determined directly from the reaction 
curves that the process variable follows in respons: 
to a measurable disturbance, such as a sustained 
control valve movement. Obviously, this method 
only applies to existing processes. It is used a great 
deal in trouble-shooting. 

ANALYTICAL —in which the dynamic character 
istics derive from equations representing energy o1 
mass balance. ‘This method can be applied to an 
existing process as well as to one that is in the 
design stage 


THE EXPERIMENTAL METHOD 


‘Time constants can be extracted from step response 
data by the per cent incomplete response technique 
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The response to a step change disturbance of a 
single linear lag is shown by the solid line of Figure 
|. Here, at any time t, the curve designates the pei 
Then the per cent incom 
plete response, b, is found by subtracting a from 100 
per cent, and b equals 100-a. Since the time constant 
equals the time of 63.2 per cent of the complete r 
sponse, it also equals the time of 36.8 per cent of the 


cent complete response 


ITI ompl te TCSpOonse 

If this per cent incomplete curve is plotted on a 
logarithmic scale and time on a linear scale, a straight 
As in Figure 1, the co 
ordinates are non-dimensional so that the information 
will not be restricted to the actual magnitude of the 
time constants under consideration. Figure 2 show: 
that the time constant equals the time of 36.8 per 
36.8 per cent at I] 


. *» 
line (Figure 2) resu'ts. 


cent inc omplete respons¢ 


Two Series-Connected Linear Lags 


Suppose that step response data have been ob 
tained through an experimental run on a different 





RESPONSE 
CURVES 


van 1A0 mink <0 


MAGNITUDES 


FIG. 1. The solid line represents the reaction curve of a single linear lag process. The reaction 
curve is also called the per cent complete response, and at time “t’ it equals “a” per cent 
complete. The per cent incomplete response, the dashed line, is the difference between 100 
per cent and the per cent complete, or b equals 100-a per cent. The time constant, ‘T, of the 
process equals the time for 36.5 per cent incomplete response. 


FIG. 2. Here, the per cent incomplete 
response characteristic has been re- 
plotted on a logarithmic scale for mag 
nitude against a linear time scale. The 
advantage of this new plot is a straight 
line for the reaction. 


FIG, 3. In this graph, the per cent 
incomplete response (Curve A) for two 
series-connected linear, lags has been 
plotted directly on semi-logarithmic 
paper. The straight-line portion of 
Curve A extends back to the zero time 
axis, giving Curve B. ‘The larger of the 
two time constants can then be ob 
tained from Curve B. The difference 
between Curves A and B is plotted as 
Curve C, from which is computed the 
second time constant. See the text for 
the exact procedure in computing the 
time constants. 


system. ‘Then, it may be possible to determine constant of a single linear lag, described above 
whether this system can be represented, with reason Now to find the value of the second time con 
able accuracy, by two time constants. If these time stant, T',, plot Curve C, the difference in values be 
constants are not nearly equal, they can be found by tween Curve B and Curve A. (If these differences 
the per cent incomplete response method. do not plot as a straight line, the system cannot be 
Curve A of Figure 3 represents the per cent incom represented as two series-connected lags.) Curve 
plete response for a typical two-series connected CC intercepts the zero time ordinate at 0.67, and 
linear lag system. If accurate data are obtained for 36.8 per cent of 0.67 equals 24.6 per cent. ‘Then, 
large values of time, the linear portion of this curve the time constant T, equals the time when Curve C 
is extended straight back to the zero time ordinate, has an ordinate of 24.6 per cent, which is 0.6 min 
developing Curve B. ‘To determine the larger time It is theoretically possible but not practical to 
constant T,, read the vertical intercept of Curve B, repeat this procedure with more time constants. 
1.67, and take 36.8 per cent of this value, which 
equals 61.5 per cent. ‘The time constant T,, is equal THE ANALYTICAL METHOD 
to the time when Curve B has an ordinate of 61.5 
per cent. Thus, in this case T, is 1.5 min. So far, The analytical method determines processes char 
this method is similar to that for finding the time —_ acteristics by calculation. Vor instance, physical 
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Steam 


constants and the geometry of a temperature con 
establish the parameters for a heat 
balance, ‘This heat balance, a transient condition 
gives time constants as direct answers 

Ihe rate ot heat flow in equals the sum of the rate 
of outward heat flow and the rate of heat flow into 
thermal storage. ‘Vhus 
equation 1s 


trolled proce 


in a heat balance, the basic 


Qin = Qout + Qetorane 
where O equals the rate of heat flow in Btu/min 


PROCESS |: TEMPERATURE CONTROL 
—SINGLE LINEAR LAG 


Vigure 4 illustrates a typical system 
single linear lag plus distance velocity lag 
den and sustained pressure 


having a 

A sud 
change at the steam 
valve operator will ‘cause the process to unbalance 
and seek a new balance at a different final tempera 
ture, Just how the process reacts is shown in Figure 
4B. ‘The distance velocity lag (L), as read from 
this curve, is 0.6 min lhe time constant T, 
or 63 per cent response time, is about 10 min. ‘Thus 
the values of the desired characteristics have been 
found. 

But suppose the system was in the design stage 
he procedure then is somewhat different, for physi 
cal constants of the system must be known to deter 
mine analytically the characteristics of the process 
Ihus, for Figure 4A, the following are known 


FIG. 4. A temperature control process, which has one time 
constant and a distance velocity lag, is shown in Figure 4A 
Irom its reaction curve, Figure 4B, the value of the distanc« 
velocity lag and the single time constant may be obtained. 
Phese same results can be computed on an analytical basis 
from the data in Figure 4A. 


r Temperature 
== recorder 
controller 


JI 


. fi in loka 
oo ee anammaes » 80° 


Tank capacity 2O0/b woter 
Woter out 20/b/min 


a 
a 280 
Temperature element 160° 


water in tank 
water in line 
vater flow 
steam flow 


200 Ib 
between tank and bulb 12 Ib 
20 Ib/min 
maximum 
incoming water temperature 
outlet water temperature 


160 de 


i 


Distance Velocity Lag 


I'he distance velocity lag is the time it takes the 
temperature element to sense a change in tempera 
ture in the tank. ‘Therefore, for the system above, 
the distance velocits lag :) equals 

12 Ib 


0.6 min, 
20 Ib /min 


Time Constant 


l'o determine the time constant of this 
back to our basic balance equation 


Q n Qo ut “T Q storage 


pro C 


where O is the rate of heat or energy flow 

or a 3-15 psi stroke of the steam valve the steam 
flow change is 6 lb/min, or 4 Ib/min/psi if the 
valve is assumed to be linear. Now, a change of 
m psi at the steam valve operator results in a rate 
of energy added to the system: 
Q 1/2 lb/min/psi x m psi x 1000 Btu/Ib 

500 m Btu/min 

where 1000 Btu/Ib is the latent heat of the steam 


Ihe rate of energy leaving the system may be 
found as follows 


: Bt 
20‘Ib/min x | ( ib 7 js (0, 


Btu 
where 6 


lb °F 


final temperature in 


F of tank 1, and 1 


is the specific heat of water. 

Under equilibrium conditions the water in the 
system and the water leaving the tank is at 160 I 
hus, the final tank temperature after a change of 
mM psi Is 4, equals (160 6) deg I’, where 6 is the 
temperature change resulting from the addition of 
‘team. With this change in variable, 
rewritten as 


$t 
Qout 20 Ib/min & 1( Per) <a} 3a 


Equation 3 
can be 


I'he rate of energy stored, assuming instantaneous 
mixing of the feed water, is 


| 200 Ib x | Btu , ; 
Ib °F dl min 


he derivative of @, with respect to time results in 
dé/dt, since 


Lom i« 


100% | 


roture 


empe 


dé d (160 4 d (160 dia dé 
dt dt dt dt acy tae? 


Minutes Equation 4 may now be written as 
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On 


d/dt, the Heaviside operator 
Substituting Equations 2, 3a, and 4a into 
tion I, 


= 200 pe 


where p 


00m 200 


Equation 5 is a linear first order differential 
equation with constant coefhcients. From the term 

| + 10p) we see that the time constant T, equal 
10 min. Thus, the analytical method verifies the 


values of L and ‘TI’, obtained from the reaction curve 


PROCESS Il: TEMPERATURE CONTROL 
—DOUBLE LINEAR LAG 


Adding another tank to the previous system con 
plicates the process. Figure 5 shows this new system 
and its reaction curve. Here, the distance velocity 
lag has been eliminated by placing the temperature 
sensing element in the second link. The S-shaped 
reaction curve indicates the process has more than 
one time lag 

he time constants can be determined from thi 
reaction curve by the incompicte response metho 
Evaluation by this procedure will show that th 
system can, indeed, be expr 
stants. ‘These values are T, 
equals 5 min 

Now, if it assumed that thi pro in the de 
stage, then the information shown in Figure 
in finding the time constants. Note that the 
tions of the first tank of this system are the 


ssed by two time con 


equals 10 min ind J 


those in the first example 
The transient energy balance of the svstem j 
by 


Qin (Tank | Qoue (Tank 1) + Q 
Qin (Tank 2 2. 
Note that Q 

Ihe rate of energy leaving tank 


Tank 2) + Qoetoras 
Tank | #7 Tank 2 


min 


where F temperature change of tank 
or a’ 4 160) I 


Ihe rate of energy stored in tan] 


Btu 


lank 2 100 Ib’ * I 


lb 
OF Qstorage (Tank 2 100 p 


Substituting Equation 


ZIVve 


20 6 A) 6 


0 6 
Now, from hquation 


20 ™m 


10 p) 


© that 


FIG. 5. Figure 5A show control process 
but this one has two tanks that creat two tine constants 
The typical S-shaped reaction curve, Figure 5B, tells that ther 
is more than one time constant. Like the data in Figure 4A 
that in Figure 5A may be used to compute the values of the 
constants 


mother te mpcrature 


two time 


7 


Krom th I | } I t ( »btained 
amely T’; equals 10 min an , Vhes 
values confirm those obtained { iluation of the 


ith | Lire B 


PROCESS Ili: PRESSURE CONTROL 
—SINGLE LINEAR LAG 


if nall 
uphold 
iting 
ons of 

Ope ! me ( istan 
j idered rol {) the load 
urves of igure | 


between the limit 
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load pressure curve P,,) to infinity when O equals 
zero, The variations must be considered in the 
analysis. 
lor transient mass balance conditions 
Qin ™ Qout + Qewrnge 
where Q = air flow, lb/min (12 


A sudden change of m psi at the valve operator 
creates a step change at the input of the system 
since a 12 psi change at the valve input causes the 
load flow to go from 0 to 10 Ib/min, the relationship 
becomes 

Ib/min 


Vin 0.83 x m pai 13 
psi 


Now, if it is assumed that the operating point lies 
on P,, and that the tank equilibrium pressure is 50 
psi, then the following obtains 
10 lb/min (P Po lb 


- 5O) pai * . 
5O psi I 5 min 


Qout 


where P, = total tank pressure, and 
P, change in tank pressure 


The rate of change of air stored in the tank 
becomes 


dP, 


( torage 
detorng ai 


uP Pressure 
PRC ) recorder- 
controller 


150 fr? 


50 psi La 
0-10 lo/min. 




















VIG. 6. The pressure control system above represents another 
single linear log process. But here the load pressure, P;, affects 
the value of the time constant, which depends on the operat 
ing point, as shown in Figure 7, 





’ 
' 
’ 
! 
' 
' 
| 
' 
' 
' 
| 
' 
= 





5 10 
Q Ib/ min. 


riG, 7. For a given tank pressure, P,, the air flow, Q, out 
of the tank depends on the value of the load pressure, P,. 
Therefore, dynamic analysis of the system in Figure 6 requires 
that the operating point be fairly constant or that the worst 
possible condition be used in computing the necessary con 


troller characteristics. 
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d(P.+ 5) _ V dP, 
dt - oo dt 
Again, the operational form of the derivative simplifies th 
Vy 
p* 
where p = specific weight of air, 0.076 lb/ft’ 


V = tank volume, 150 ft? 
P* = atmospheric pressure, 14.7 psi 


p P, 15 


‘alculations, so that Qetorage = P 


Thu 
Votorans 


Substituting Equations 13, 14 and I4a in Equation 
12 yields 


0.77 p r’, 1a 


P, 


a 


0.383 m = + 0.77 p P, (16 
Equation 16 reduces to the familiar form for a 

transfer function 
ie 

+ 3.85 p 


m ali (17) 
from which it is seen that the time constant equal 
3.85 min. When p, the frequency dependent term 
is zero then the zero frequency gain equals 4.15 
‘This gives one limit of our process operation 
But, if the above procedure is carried out for a 
different operating point, say P;2, then the resulting 
transfer function 1s 
Pe ™ 8.3 18 
m 1 + 7.7 p 
Here, the time constant equals 7.7 min and the zero 
frequency gain is 8.3 
Equations 17 and 18 show the generalized form 
of the transfer function for this process to be 


output K 7 
. Sag 


input 


where K equals 1.08 for this particular system 

In the extrem 
goes to infinity, T’ also approaches 
transfer function becomes K/p 
limit of the process operation. 

A frequency response plot of the above pressure 
process leads to some interesting conclusions. But 
before reaching these conclusions, it is necessary to 
assume 


situation, when load resistance 
infinity and the 


[his is the other 


values of time constant 
and zero frequency gains for the valve and measuring 
circuit. For the valve the time constant is 0.15 min 
and the zero frequency gain is unity. For the measur 
ing circuit transmitter the time constant is 0.10 min 


And its zero frequency gain is 0.12, because the 


some reasonable 


output varies 12 psi for 100 psi input 

Figure 8, the frequency response plot, describes the 
characteristics for the individual components. Dashed 
lines represent the control valve, measuring circuit 
and three different values of T for the process; and 
solid lines the overall response of the complete 
The phase shift diagram shows that the 
than 
pn, regardless of the time constant of the proce 
ot 0 deg 


vsiem 
system phase lags blend at some frequency | 
an acceptable 


phase margin 











Degrees 


Chi fe- 


a 
w 
°o 
£ 
Qa 


O 


Frequency, C.PM 


FIG. 8. ‘This frequency response plot for the system of Figure 
6 shows that the overall system gain, for stable operation of 
the process, is the same regardless of the particular operating 
point (and hence time constant) of the tank. 


occurs at about 1 cpm, and at this frequency the 
overall process gain is 0.02. ‘Thus, a controller gain 
of 1/0.02, or 50, assures stability of the system, This 
a fixed value regardless of 
But 


tem can be 


controller gain results in 
constant one 
accrue if the sy 
designed for a smaller tank. What 


controller requirements and their effect on the over 


the size of the time 


benefit may 


proce 


CCOnOTINI 
then, are the 


all system? 
Sul 


that the tank 
point where its time constant is reduced by a factor 


pose olume has been cut to a 
of ten, as compared with the original system. ‘The 

responding frequencies thus increase by the 
factor of ten. The characteristics of the control valve 
measuring remain as before. Figure 9 
of the overall 
0 deg phase margin occ it rreque i 
constant of th 


or ponding PAM 


Alii 


and circuit 


hows the frequency re tem 
Here the 


cies dependent on the particular time 
thus th 


pon ( 


proce ind 


difter 
gains should not exceed unity for a 


ontrolles 


Now, the product of proce 
table ystem 
Che highest value of gain occurs at 
infinite T, and this should be used in 


ontroller Lherefore 


proces 
ilculating the 


controll rain equal 


gain 
1 /0.2 equals hve 

Thus, by reducing tank size the allowable con 
troller gain has been decreased bi tor of ten 
i cditheult 1 that exce 
followin load change 
idditional controller mode iv reset 
this oftset 

I hie plant example based o7 
Process Lags in Automatic-Control Circuit G 


Ziegler and N. B. Nichol 11 ASME. Vol 
65, 1943 


lhis situation could create 


ive offset error may occul 
I herefore, an 
might be necessary to compensate t 


used ibo ( ( 





Measurement 


Frequency, PM 


FIG. 9. When the time constants of Figure 6 are reduced 
by a factor of ten, the frequency range for the tank respons 
increases by the same factor. But now the overall phase shift 
curves differ at the phase margin frequencies. Therefore the 
and the controller gain—differ for 
process time constant. Thus, the conservative 


table 


valu 
(high 


Lt ta 


process gam cm h 
ot the 
est) value of process gain, equal to 0 une 


tion regardless of the operating point 
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Four Steps to Practical 
Machine Too! Control 


1. ANALYZE OPERATIONS 
2. GROUP FUNCTIONS 
3. LAY OUT CIRCUIT 
4. ADD MANUAL CONTROL 


T. C. CAMERON, Sundstrand Machine Tool Co. 


Pilot lights and Transfer 
station | push buttons 


Cylinder block 
woe GE 
©6060 eee 
Station | 
Load 








Y 










Station 8 
Unioad 









FIG. 1. Schematic diagram of six-head transfer machine shown in Figure 2 
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THE GIST: The majority of machine tool 


operations can be done most cheaply with 
straight-line motion at constant feed rates. This 
indicates magnetic control, limit switches, and 
squirrel cage motors, combined to form a sys- 
tem that will cause the machine to go through 
its functions in the proper sequence. 

The design of this type of system can be 
simplified by a logical series of steps that 
applies, with minor variations, to any sequen- 
tial control. In the first step, machine opera- 
tion is analyzed and a cycle diagram set up 
for the entire machine. The overall machine 
functions are organized in step two into logical 
groups of control circuits. In step three the 
individual group control circuits and interlocks 
between groups are designed. And finally, the 
control system is modified to permit manual 
control. With the transfer machine in Fig- 
ure 2 as an example, this article tells how to 


apply this technique. 


schematically the idler block 
ine pictured in Figure 2 This in 
transfer inci | 
Ihe cylinders are rough 


Figure | show 
| i i oup mito 
matically machin« ind unloads 
when condition permit 
bored two at a time in four statu ind chamfered 
in the last two station: 


I'he control system performs thre functions 


ontrol of the moving element n iti 


mm oft posi 
techon ot the 
machine, the operating personnel, and the control 


tion of the machine elements; and | 


itself. Since a production line may be several hun 
dred feet long and may have only a few operators, 


machine operation and safety depend exclusivels 


p 
on control. Easy maintenance } important, since 


there are hundreds of possible points for trouble 


i 


ind “down time” is expensive. ‘Thus control circuit 


hould be as simple and direct as | ble and local 
indicator lights should be used liberall 


1. ANALYZE MACHINE OPERATIONS 


The first requirement is thorough familiarity with 
the machine itself and the conditions under which 
it will be operated. Determine the sequence of all 
Which 


ones can or must be operated independently, and 


movements necessary to complet le 


which can be grouped to operate as a unit? The 
necessary push buttons and indicator lights can be 


ipproximated and all driving means noted. This in 
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SvV-9 
SvV-i0O 
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if 











Stop dog 
‘ 
L\S-9 cred 


Feed dog | 


Spindle 
motor 


LS-10 (>< 
Return dog q 








it Co 





Transfer bor cylinder 
(starting position ond up) 


t 





Head feed « ylinder 
( returned) 


Clamp cylinder 
(unclamped ) 


Transfer bar cylinder (up) 


_ 
| 
4, 
PP, 3 LS ! 
ian! 


| 
« > 


}LS-z 


Locating pin cylinder (down) 


STATION STATION 2 
Lood Bore 


cludes the motions controlled by hydraulic solenoid 
valves. 

Vigure 3 shows stations 1, 2, and 8 and the 
transferring mechanism. ‘The transfer bar extends 
the full length of the machine to simultaneously 
transfer all parts to the next station. 

The mechanical cycle is as follows 

a. transfer bar lowers to engage work 

b. transfer bar advances, moving each part to the 

next station 

locating pins in each fixture rise 

clamps lower to secure part 

transfer bar raises, then returns; simultaneously, 
all heads start rapid approach 

heads feed individually 

heads rapid return individually 

locating pins drop and clamps rise 

cycle repeats if new part is available and th« 
finished one has been removed from the unload 
station. 

The total machine cycle can be reduced to groups 
of motions, The transfer cycle is a group; down 
then forward is the first half and up then return 
the second half. Each fixture is a group, and each 
head another group, Each head must rapid approach, 
feed, and rapid return when its fixture is clamped 

A group of indicator lights for each station is 
convenient for showing the following: motors run 
ning, cycle on, cycle completed, fixture clamped, 
and fixture unclamped. Lights can also show the 
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transfer bar position and the condition of the load 
and unload stations 


Limit Switches 


\n important part of the machine analysis is lo 
cating the limit switches for the particular cycle 
\ limit switch is required at each end of each mo 
tion, and at any other point where a machine member 
stops, changes rate, or starts another motion. The 
switches should be mounted so that their operation 
is not affected by motions other than the one they 
are to detect. ‘Thus, every significant position of 
the machine can be detected and any physically 
possible sequence controlled he limit switches 
convey machine information to the control, where 
it is stored until a particular group of motions is 
completed. ‘Then the proper combination of relay 
starts the next motion in the sequence 

When the above information has been collected 
it is usually convenient to arrange it graphically in 
a cycle diagram or in a reference table. Figure 4 
shows a cycle diagram for the whole machine. Figure 
3 is a mechanical display of about the same informa 
tion for station 2 

I'he solenoid valves are located on the cycle dia 
gram alongside the motions that result when the 
solenoids are energized. ‘The limit switches are 
placed to show the time they are operated during 
a particular motion. For example, station 2 head 





THE CONTROL ACTION ... 


.. » AND ITS CYCLE DIAGRAM 


STATION | STATION 2 STATION 3 STATION 4 STATION § ‘ \ 17 STATION 6 
‘ ,LS-16 ;LS-2 LS-30 
SV 16] | SV 3V 
SV-I8} tHeod LS$-82 
} ' tation loaded 
Ls isv-i7, & SV-3! cag ‘ ‘ 
: ISv-i8 Sv-32 kyR> 
SV-I6 | : P G. 20! 
' | 5V-40 LS-39 
' | : LS-41¢ hamfer tool 
LS-ie! 5-32 ’ sv-4i ~ 


S-5! 


Stotion tooded 


CLAMP CLAMP CLAMP CLAMP 
y SV4 LS 15 SV-2)_ LS-22 SV=28 LS-29 SV-.35 LS-3 
LS-6 LS-13) S 7 LS-34 
SV-5) Locating Sv-i2 d SV-33) 
Clamp pins | 
°LS-7.SV-8, SLS-4 SV45 by S35 Sy-36 
UNCL AMP UNCLAMP aS UNCL AMP 
SV-6| Locating Sv-13 SV 9>V 2 ’ 
© Starting position LS-5} pins LS-12 
Ropid troverse Unclamp a 
--Feed ls 3 
LS-Limit switch operoting where shown in cycle f 
SV-Solenoid valve energized to cause motion Sv-19 Transfer cycle 
shown LS-2| SV-3 


hIG. 4, Cycle diagram for entire machine. Shows 
all machine motions plus the control components 


ed : that cause and are actuated by these motions 
FIG. 3. Detailed schematic of stations 1, 2, and 8, 


showing all control components. Since other five work 
stations are similar, this represents the whole machine 


rapid approaches when SV-9 and SV-1] are energized ose Closed. CR-11 and CRO amie! latching CR 
Limit switch LS-10 de-energizes SV-1] and the head Winsee KA ond CEE ond CRT must ty i, ad te 
feeds to the end of the stroke. At this point, LS-1] sitet 1 Mame ot he eek of the tronsliee ofall 
is actuated, energizing SV-10 and SV-1]. Then th LS4 encusien © CR S Bicese GA tn Fieure GB 6 
head rapid returns to LS-9, which de-energizes SV-10 CRA comtart tebcies ( R 1) and relecars CR-12 to 
and SV-II to stop the head. ( lamp and start the station 2 mach I 

lo summarize the first step in the design pro Rach 
cedure: collect all the information about the ma 
chine and coordinate it as shown in Figure 4 


group can then be bu isonabl 
ized pancl and can have a sepa iagram that 
requires a muniunum of referer » other panel 
This simplifies the building ane icmg of the 


2. GROUP MACHINE FUNCTIONS equipment 


AND CONTROL CIRCUITS 
Ihe second step in designing a control system 3. DESIGN DETAILED CIRCUIT 


for a machine of the type under discussion is to his third step consist 
determine the general arrangement of the control with the appropriate relay 
Figure 5. ‘Transferring, work handling, lubrication matic sequence. ‘The followi 
chip conveyors, etc., are common to all working on complete electrical control 
stations and make a convenient control group In Most of the relay ind thei 
addition, each working station becomes a separate determined before starting the ci ign. ‘Ther 
control group. can be divided into three categori those that 
Next, each working stahon group must be inter provide additional contact ene! ed only by limit 
locked with the common or transferring group. ‘Thu witches); those for starting and topping (usually 
interlocked, each working group requires from thi push-button-operated in a three-wir rcuit ind 
common group a signal that transferring is com those that are mechanically lat 
plete before it can start a machining cycle. Also 
when the cycle ends, a signal must be sent from Three-Wire Control 
every station before transferring can begin 
For example, at the end of the station 2 cycle lhree-wire circuits for running motors and effect 
(Figure 6B), CR-1] is released and CR-7 and CR-9 ing cycles should be worked into a circuit first. in 
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conjunction with the proper overload and_ short 
circuit protection. “Safe failure 
vided 

higures 6A and 6B show the common control 
group and the control for station 2, The other sta 
tions are identical to station 2 except that the 
chamfering stations have on 
Thus Figure 6 covers the whole machine in prin 
ciple. The circled number at the push buttons in 
dicates the station where the 


must also be pro 


additional motion 


button is mounted 

The motors are started and protected in groups; 
see H1, H2 and CR-A in Figure 6A, and S, H, and 
CRE in Figure 6B. The fixture motors must be 
started first to provide clamping (if required). ‘Then 
other motions can start. Relay CR-A, energized 
when the fixture and transfer motors are running 
has a contact in each station to indicate this con 
dition. A single master stop button stops the whol 
machine; so does the failure of a_ fixture 
Wedge type clamps sustain clamping pressure, even 
if a fixture motor stops in the clamped position 

If CR-A is energized, and the “control’’ selector 
switch is on Automatic, CR-G is energized and th 
station 2 motors can be started from either station 
} or station 2. If it is on manual, the motors can 
be started from station 2 only. ‘Thus station 2 can 
run without the danger of the motors starting un 
expectedly from station |. ‘The station 2 motor 
can be stopped by the push button or the overload 
relays without affecting the other stations. If thi 
happens during an automatic cycle, the other sta 
tions continue to the end of their cycles. But then 
the machine will not transfer, since one 
hasn't completed its cycle 

CR-B and CR-F are cycle control three-wire r 
lays. Relay CR-B, in Figure 6A, allows the transfer 
bar to be stopped at any time but re-started only 
if the other machin 


motor 


station 


conditions are satisfactory 


220/440 


Ihe transfer solenoid valves, SV-1, 2, 3 and SV~-4, ar 
energized by a CR-B contact, thus permitting CR-B 
to override the automatic control of the bar 

CR-F is the cycle relay for station 2, Figure 6B 
If this relay is in it 


tion 2 cycle 


normal energized position, sta 
automatically when it is loaded with a 
new part. ‘Then, with CR-F energized and de-ener 
gized by cycle start and stop buttons, the motors and 
spindle can run while the cycle is stopped and re 
started. Also, each station can start individually 
ifter a new part has been loaded into the fixture 
I'his flexibility is not required in normal daily opera 
tion, but is a convenient feature during “down time” 

[he master 
energize relays 
trol all cvcl 
tation 

In normal operation, all cycle relays—CR-B, CR-I 
mid their counterparts in the other stations 
energized after starting 


cycle-start and cycle-stop buttons 
CR-C and CR-D, Figure 6A, to con 


simultaneously by contacts in each 


remain 
Then, whenever all the 
cycles are finished, the unload station is empty, and 
the load 
cally Lhe above three-wire controls are the frame 
work into which the sequencing control is fitted 


tation is full, the cycle repeats automati 


Latching Relays 


Latching relays are used to determine the direc 
tion of moving elements and as “memory” devices 
‘or example, a head may run through a cycle and 
return, leaving all machine elements in the sam 
place they were when the cycle started. A relay 
latched or released at the end of the cutting stroke 
is one way of indicating the head has run And in 
the case of power failure or machine stoppage, latch 
ing relays can “remember” what has run previously 
and their direction of motion when stopped 


Kelays can control machine functions singly o1 
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l'ypical control cabinet arrangement for multi-station transfer machine. 
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in groups, depending on the required flexibility 
hen the circuit is simplified to a process of latch 
ing and releasing relays at the proper times. This 
is the basis for the control, and should be as simple 
and direct as possible 

There are three major clements in this transfer 
machine: the transfer mechanism, the heads, and the 
fixtures. ‘These are related to cach other in the same 
way in each station, so that a single latching relay 
can be assigned to control each 

Relay CR-5, Figure 6A, controls the group of 
motions for the transfer cycle. When latched, this 
relay energizes SV-1] to drop the bar to LS-2, which 
in turn energizes SV-3 to advance it. When CR-5 
is released, SV-2 is energized to raise the bar to 
LS-1, which energizes SV-4 to return it. 

Relay CR-12, Figure 6B, in the released position 
energizes SV-5 to raise the locating pins to LS-6, 
which energizes SV-7 to clamp the fixture. The 
fixture is unclamped by latching CR-12, which ener 
gizes SV-6 and SV-8 

When relay CR-1] is latched, SV-9 and SV-I1 
are energized, causing the head to rapid approach 
to LS-10. A dog holds LS-10 open, causing the head 
to feed to LS-11, which releases CR-]]. ‘This ener 
gizes SV-10 and SV-I1 for rapid return to LS-9 
This limit switch opens to de-cnergize SV-10 and 
SV.-I11 

CR-11 serves as a “memory” relay as 
determine head direction 


well as to 
It is latched when a new 
part has been loaded; this is indicated by the transfer 
bar being forward and the fixtures being unclamped 
The transfer must not run again until this part has 
been machined, and this can be assured by inter 
locking with CR-I] and CR-9, since CR-I] is re 
leased only at the end of a machining stroke and 
CR-9 is energized when the head is up. Thus a 
combination of a NC contact from CR-11] and a 
NO contact from CR-9 indicates that the head has 
run, since a new part was loaded into the fixture. 
The latching of CR-5 to run the transfer is de 
pendent on this combination existing at each sta 
tion. In Figure 6B, the same combination is used 
to latch CR-12 to unclamp the fixture. 

The circuit design problem is now reduced to 
operating CR-5, CR-11, and CR-12 in sequence, and 
adding contacts directly in the solenoid valve cu 
cuits to provide additional safety for, and manual 
control of, the transfer machine 


The transfer bar must drop and advance only 


under these conditions: the cycle is on (CR-B), 
the bar is at the starting position (CR-3), the head 
cycle is finished (CR-I] and CR-9), the load sta 
tion is full (LS-51), the unload station is empty 
(LS-52), and the fixture is unclamped (CR-7). So 
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a combination of these contacts is used to latch 
CR-5, and to energize SV-1 and SV-3 after the bar 
is down, closing LS-2. 

After the transfer bar has advanced to LS-4, ener 
gizing CR-4, the fixture must be clamped, indicat 
ing to the head that a new part is in place. And 
after clamping, the transfer bar must raise and re 
turn. To accomplish this, CR4, Figure 6B, latches 
CR-11 as the signal to the head, and only if it does 
latch CR-I1 is CR-12 released. If CR-11] failed to 
latch, the head wouldn’t run. And if CR-12 were 
released (but without CR-1]1 latched) the cycles 
would continue as though there were no failure 
except parts would be going through station 2 with 
out being machined. This is the reason for the 
seemingly unnecessary CR-1] contact in series with 
the CR-12 release coil. CR4 also releases CR-5 

The clamped condition of the fixture is indicated 
by LS-8 energizing CR-8. So that with CR-5 r 
leased and CR-8 energized, the solenoid valves SV-2 
and SV-4 are energized to raise and return the trans 
fer bar 

Che head must cycle when a new part is in place 
and the fixture is clamped. Thus the cycle is on 
(CR-I’), a new part is present (CR-I]), and the 
fixture is clamped (CR-8). Solenoid valves SV-9 
and SV-1I1 are energized to start the head forward 
At the end of the stroke, LS-11 releases CR-11 to 
return the head to LS-9. 

The fixture unclamps if the transfer bar is at its 
starting position (CR-3), and the head has com 
pleted a cycle (CR-9 and CR-11). ‘This combina 
tion latches CR-I2 to energize SV6 and SV-8 to 
unclamp the fixture 

If during the machining cycle LS-51] and LS-52 
are again closed, CR-S would latch. ‘Then when 
CR-7 is energized to indicate the fixture is un 
clamped, the transfer bar starts a new cycle 


4. ADD MANUAL CONTROL 


he fourth step is to add manual control to the 
existing automatic control while retaining the auto 
matic safety interlocks. When tools are replaced 
or repairs made, it is necessary to operate parts 
of the machine out of sequence. Heads require 
jogging or inching control, and the fixtures must be 
operated if it is mechanically safe to do so 

When on manual control, CR-G is de-energized 
to prevent automatic operation and to make it possi 
ble to operate the machine with the manual buttons 
Ihe fixture can be unclamped or clamped with 
CR-12 if the head is up (CR-9) and the transfer 
bar is at one end of its stroke (CR-3 and CR-4 

The head can be run up and down with CR-13 and 
CR-10 if the fixture is clamped (CR-8), 
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Scientific Problems 


THE GIST: Using various approximation techniques, most scientific 


problems can be solved by repetitively performing the common arith- 


metic operations. Some of these techniques have been known for 


ages, but their application was limited by the immensity of many prob- 
lems in terms of time and manpower. Then came the electronic digital 
computer. It was ideal for the task, since it could add, subtract, multi- 
ply, divide, and compare at extremely high speeds. 


Not only can the modern scientific calculator solve problems that 
couldn't be solved before, but it has led the way to problems that hadn’t 
even been thought of before. These problems range from the solvu- 
tion of systems of linear equations to the simulation of real-life situa- 
tions. By outlining the general characteristics of scientific calculators 
and the types of problems they can handle, it is possible to specify 
the requirements for a good computer. Next month’s article will survey 
the available calculators to see how they satisfy these requirements. 


JOHN W. CARR Ill, University of Michigan 


Scientific calculators are the chief tools in the 
computation laboratories of university, government, 
and industrial research centers. Scientists, engineer: 
ind mathematicians describe models of physical, em 
pirical, or logical systems in language the machine 
can accept, insert numerical parameters, and obtain 
that may validate a theory on the basis of 
agreement with experimental results, provide the de 
sign parameters for all types of system 


SWC! 


or predict th 
behavior of devices as yet unbuilt 

Ihe heart of a scientific calculating 
large-scale, 


system 1S a 
general-purpose, high-speed, stored-pro 
gram, electronic digital computer, as first described 
by Burks, Goldstine, and von Neumann?. These 
computers rose out of the traditional sequential usé 
of arithmetic, with internal deci 
partial results. Of course, not all computers are sé 
lective-sequenced with a stored program. Other va 
rieties of computing machine structures are inherited 
from different tradition 


ion making based or 


For example, the digital 


differential analyzer was developed by applying puls 
techniques to the structure of an analog computer 
operational amplifier. ‘These unusual  off-shoot 
however, are outside the main stream of present-day 
digital computation, and will not be discussed here 
In general, they gain somewhat in calculating speed 
by performing operations simultancously: but they 
lose flexibility, 


ing ability 


number handling ind deci On mak 

ligure | shows a flow diagram of engincering 
design procedure, which might be considered a com 
plete scientific calculating system from the begin 
ning of a problem to a completed design*®. In thi 

tem, all of the blocks within the dotted lines 

in be handled automatically by high peed digital 
I'hose blocks outside the dotted 
lines have not been successfully attacked by machin 
They require human intervention. ‘Thu 
i scientific calc ulating system ha 


cientific calculator 


technique 


in electronic digi 
tal calculator embedded in a larger data-processing 
tem, with interplay between the automatic com 


puter and the mathematician or engineer 
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FIG. 1. 


Flow diagram of the design procedure in engincering. 








All operations enclosed by dotted lines can be 


handled automatically by high-speed digital scientific calculators. (From Bennett, “Faster than Thought 


SCIENTIFIC VERSUS OTHER COMPUTERS 


Most problems handled on a scientific calculatos 
have never been solved before, at least in the size 
And they are of a wide variety, 
ranging from the numerical solution of problems in 
acrodynamics and nuclear reactor structure, to the 


and scope achieved 


logic of switching circuits and computers themselves 
‘Thus, most scientific calculators must be more nearly 
true “general-purpose” machines than business and 
In many cases, 
the problems that are later transferred to one of 
the other 
“simulated” on a scientific calculator. 

Since scientific problems come from many sources, 
they tend to vary widely in size 
calculators that are to compete with punched-card 
machines or desk calculators must handle short prob 
lems as efficiently as long ones 

The size and number of problems encountered in 
a computing laboratory differ greatly from thos« 


“real-time” control data processors! 


types of data-processors are originally 


l'herefore, scientific 


encountered in the “production” use of a data-proc 
essor on repetitive work, One large problem on a 
data-processor may actually consist of thousands of 
very small ones (individual payroll or aircraft posi 
tion calculations), each handled within an overall 
framework. Scientific problems can have the sam 
structure (for example, the solution of simultaneous 


equations under a multivariate combination of de 
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, but they also range upward to thi 


ign parameters 
solution of several-dimensional partial differential 
equations, where the result, after hundreds of mil 
lions of operations, depends on the very first opera 
tion in the sequence and all those in between. A 
scientific calculator located in a research laboratory 
or one servicing many varied sources of problems will 
probably be expected to solve problems ranging in 
size from a few thousand operations up to man) 


Som 


calculator to solve 


millions laboratories require a_ larg ile 
a hundred or more different and 


relatively small-size problems in a 24 hr period 


Comparative Problem Structure 


Many calculator 
make little use of other than the arithmeti 
tions. In a study of three “typical” problems per 
formed on the Maniac at the Los Alamos Laborator 
of the Atomic Energy Commission, Herbst, Metrop 
olis, and Wells® noted that the output of a mech 
indicated no drum transfert 
At the same tink 
almost 65 pel cent 


problems solved on scientific 


ope Td 


nized “code analyzer” 
and no magnetic tape handling 
ina “hydrodynamics problem”, 
of the total computing time was devoted to mult 
plication ind division. Granting a bias to small prob 
lems, and noting that the Los Alamos group in qu 


fashio 
is other installations, it is still possible to apply thes 


tion does not operate in exactly the Lie 


conclusions to a variety of small problem: 





lhus most scientific calculations have been marked 
by a relatively small ratio of data processing and data 
ilculation. When larger problems in 
complicated geometries are ittacked 
and it is necessary to call on secondary storage devices 
more often, this ratio ma\ Neverthele: 
most problems on scientific calculators appear to be 
limited”—limited by calculating speed 
while the newer busin« ; problem 
i\ ulabl 
limited by 
Ihe major difference between 
ind real-time data processors is in the input of in 
formation. Even when it handles the most elabo 
rate table-formulating problem, a scientific calculator 
operates with only a medium amount of input and 
output data. A real-time 
matic environment, will have only “exceptional” in 
formation transfer with the operators; but a busines: 
data processor, first and foremost at this stage of 
development, must present written outputs to large 
numbers of people. The payroll record for 25,000 
people may require for one particular procedure an 
input of several million characters from externally 
prepared records, with a comparable amount of out 
put data processed by human operators. In contrast, 
the numerical solution of initial value partial dif 
calculator ma\ 


transter to 


volving mor 
increase 


" proce 
i performed o1 
generally limited 


machines a “tape 


iccess time to secondary storage 


scientific, business 


computer in a semtauto 


ferential equations on a_ scientific 
require no other numerical input than a few thou 
and decimal digits, and may run for hours, deliver 
ing an output at widely separated intervals 

For efficient operation, a sé ientific calculator must 
be able to handle innumerable repetitive calculation 
examples include solution of aircraft dynamics for 
numerous parameter combinations, tracing of mam 
rays through a lens system, or successive iteration 
to determine the solution of a classical boundary 
Because it deals with long sequence 
1 detailed error analysi 


valu problem 


ot operation 1S required 


This can be either preliminary, or carried along 


PABLE I—-CHARACTERISTICS OF 


Structure of Computer 


Arithmetic and Storag« 


number system of “logical 


character 
Arithmetic mode of operation 
Size and number of problems 


\mount of internal data processing 
ind data transfer involved 


Amount of input output to and 
from human being 





Need for easy methods of 


formulation and programming 


Binary or binary-coded decimal depending 


alculation 


Preferablh floating point for case of ct-up of ditter 


Ratio of internal data processing ind data transfe 
relatively small 


Medium amount of data to 


' 
iuse of large number 


Import mt be 


parallel with the actual computation In any case 
obtained it bracketed within 
the spread built up by ° round-oft” 


CITO! No such cTrTotl 


busine lata 


when the answer is 
values that expres 
ind “truncation inalysis is 
needed with real-time or TOCESSOT 
Another important point is the ease with which a 
problem can be expressed in machin language. Be 


iuse of the variety of problems and the short operat 
coding’ 
difficult 
than programming a business-data or real-time com 


simpler 


ing time per problem 
calculator is 


programming or 


1 scientifi generally more 


puter. However, mathematical notation 1s 
ind more nearly logical than the language of busi 
an external language 


ness, whose lack of as exact 


tends to handicap the person using a data-processor 
on business problem: In general, the mathematician 
sized problem to a 


rall formulation 


or enginect presenting 1 given 
cientific processor ha: 
ind coding task than the busine 
cialist in the throes of translating a problem of the 
mic SIZC into concise machine language 

Most of the larger business-data processing prob 
lems require only one original problem formulation 
or monthly 

Scientific 


problem { ich 


an easier ove 
procedures spe 


which is carried over to a daily, weckly 
performance for a long period of time 

ilculating laboratori with score j 
day, require a much larger ratio of formulation and 
running time, even 
though the basic data processing probl 


before it can be set to run 


programming time to machin 
mn may require 
ten or more man-years 
over a Sscvel i] ycal pe riod 

Based on available experience, an efhcient and rea 
onably priced scientific calculator might boast of 
high speed, easy interchangeability of problems, flexi 
bility 
idequate 


reasonable (but not vast econdary storage 


but not ultra-speedy) input-output, aids 
in error analysis and easy programming, Table I. As 
is pointed out in the next article, none of the com 
mercially available equipments fills all requirement 
but many offer a satisfactory compromise 


A SCIENTIFIC CALCULATOR 


Non pecialized general purpose calculator 


on need f lares quantiti 


hould have ability to ha iphabetical 


problem 


Many large and small problems of varied structure and t 1 


ilculation 3 


ind from human be 


ot p oblem 
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THESE PROBLEMS CAN BE SOLVED 


Most of the problems solved on scientific calcu 
lators have been in the fields of the physical sciences 
and engineering design. But the recent application 
of classical and newer mathematical techniques to 
the problems of business management has shown 
that these problems are also open to solution on the 
same machines, 

Many problems in the physical sciences and engi 
neering are linear, since the variables, and in some 
cases the functional derivatives, in the mathematical 
formulation occur in the simplest form, raised only 
to the first power. Other problems have mathe- 
matical formulations that can be “linearized” by 
neglecting certain nonlinear effects. In either case, 
the scientific calculator can solve large systems of 
linear equations (up to several hundred) to the 
required precision in a reasonable period of time. For 
example, complex problems in network analysis can 
be handled with standard “routines” already pre 
pared for many calculators. Functional approxima 
tion techniques, such as polynomial, rational func 
tion, or continued fractions, can be applied to actual 
network synthesis, using the linear systems pro 
cedures to design a network with approximately the 
desired frequency- or time-domain response. 

An important property of linear networks, whether 
clectrical or mechanical, is the characteristic fre 
quency of vibration. ‘This frequency can be deter 
mined by using standard computer routines, de 
veloped for obtaining the characteristic values of 
matrices of orders up to several hundred. In servo- 
mechanism theory, the real and complex parts of 
the roots obtained by this procedure indicate sys 
tem stability. While the extra instability introduced 
by the computer elements themselves sometimes 
makes it impossible to solve stability problems on an 
analog computer, digital scientific calculators are 
generally capable of developing a solution. Similar 
calculating techniques are used in such related prob- 
lems as the binding energies of atoms in molecules, 
and the period of rotation of planets around the sun. 


FIG. 2. Built primarily for scientific calculations, the ERA- 
1103 (UNTIVAC Scientific), has special features for intercon- 
necting the computer with external electronic equipment. 
When its chief competitor, the IBM Type 704, comes off the 
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Nonlinear Problems 


Although mathematical theory has not yet probed 
all possible nonlinear problems and the techniques 
for solving them, large-scale digital computers can 
handle nonlinear extensions of many linear prob 
lems. This means that physical and engineering 
problems, the majority of which are nonlinear, no 
longer need be linearized, and that for the first time 
problems can be attacked and solved in their original 
form, without a series of restrictive approximations. 

For example, many former linearized solutions of 
ordinary differential equations are now being re 
peated in full nonlinear form. By selecting the 
proper “finite difference” approximations to deriva- 
tives, and using a small enough step size, results 
can be obtained that are as close as desired to the 
true solution of an equation. In fact, a general 
purpose digital scientific calculator can be disguised 
as an electronic differential analyzer, so that prob 
lems set up for the latter can be just as easily solved 
on the former’. At the present time it is difficult to 
tie digital computers in with actual operating sys 
tems (compared with the relative ease of tying in 
an analog computer). However, this difficulty may 
be overcome if current experiments in directly con 
necting an ERA-1103, Figure 2, with actual equip 
ment or with analog computers are successful 

Many large systems of ordinary differential equa 
tions have been solved in evaluating the response 
of aircraft and guided missiles. ‘The technique has 
also been applied to such problems as economic cycle 
prediction theory and reactor transients. 


Partial Differential Equations 


In theory, at least, many of the ordinary differential 
equation systems can be solved with analog com- 
puters, punched-card equipment, or desk calculators, 
if enough time and manpower is available. How 
ever, this is not true with partial differential equa 
tions. With a few simple exceptions, these equations 
could not be solved without electronic calculators 
Here again, derivatives are replaced by “finite dif 


production line, there will be two commercially available real- 
time calculators that can double in handling such high-speed 
problems as missile systems control and simulation intercon- 
nections with analog computing equipment. 





ferences” so that high-speed arithmetic operations 
can be performed on the discrete variables 

Partial differential equations are encountered in 
the theory and design of nuclear reactors, electro 
magnetic theory, problems in vibration and sound, 
quantum mechanics, fluid dynamics (such as the 
latest formulations of the weather prediction prob 
lem), and elasticity. ‘The mathematical theory be 
hind the numerical solution of nonlinear problems 
has not been studied as thoroughly for partial dif 
ferential equations as it has for ordinary differential 
equations. ‘Thus the solution of many problems 
requires further study, as well as direct calculation 


Simulation and Monte Carlo Techniques 


In many cases it is possible to directly “simulate” 
a physical situation, thus not formulating the prob 
lem in a completely classical manner. An entire 
class of problems can be attacked by the “Mont« 
Carlo” process, conceived by physicists at the Los 
Alamos Scientific olving compli 
cated reactor shielding problems. ‘he computer plays 
a “probability game”, predicting the behavior of neu 
trons that are scattered from or absorbed by su 
cessive nuclei in the shielding material by following 
the “track” of the particles. Although generally 
more complicated statistical procedures must be con 
sidered, this technique of “model building”, com 
bined with the generation of “pseudo-random” be 
havior inside the computer, can directly simulate 


Laboratory for 


problems that otherwise could not be solved in a 
reasonable length of time. 

On MIDAC at the University of Michigan, com 
puter simulation was used to describe traffic behavior 
it a crowded intersection® 
experiment, which satisfactorily demonstrated the 
trafic variation with change in traffic-light timing, 
turn probabilities, and input of cars to the inter 
section, indicates that a similar simulation can be 
performed for a multi-intersection traffic grid \ 
multi-intersection grid cannot be 


The success of this first 


described easils 
by classical techniques, so that direct simulation i 
probably the simplest method of solution 

In many cases, problem solutions can be expressed 
directly as “closed form solutions” that describe an 
answer in terms of the elementary functions, their 
powers, and integrals. While many such formula 
evaluations must be handled by high-speed scientific 
calculators, it often turns out that the original prob 
lem can be solved as easily by one of the newly re 


} 


discovered numerical-analysis techniques as by the 


evaluation of the classical closed form 

should 
Large 
quantities of numbers from a jet test stand, guided 


Numerous problems in “data reduction” 
be included among these formula evaluations 


missile telemetering system, or some other large 
scale experiment, must be inserted into a relatively 
simple formula to obtain key numerical measures of 
the experimental performance of the system under 
study. ‘These problems require computer per 


formance somewhere between that of a scientific 


calculator, where there is no absolute time deadline, 
ind a real-time processor where deadlines are con 


tinually arising 


Managerial and Social Science Problems 


Modern scientifi have increased em 
phasis on the application of both cla 
mathematical techniques to the field of management 


imple Statistic: 


calculator 
il and newer 
lechniques range from the use of 
up through highly complicated linear programming” 
he latter involves the extension and application of 
the classical theory of linear inequalities to 


entralized ware 


such di 


verse problems as the location of 


houses and the assignment of aircrew personnel for 
highest overall fighting efficiency 
Since 


maximizing Or minimizing some isure of ett 


the linear programming problem involves 


tiven¢ such as profit, or time and cost), the tech 
niques cover a multitude of real-life situations (pro 
vided that the original formulation can be linear 
ized Many more nonlinear problems must await 
in be easily 


uch as trials 


for an 


further mathematical theory before the 
Other attempt 
to determine the best combinations of stock 


solved on calculator 


investment portfolio, must await ter input im 


formation before satisfactory answer in be obtained 


Management also gains from the solution of the 


combinatorial problem. Here th achine is in 
tructed to determine an optimum procedure by tr 
ing all possible combinations, or sampling desirable 
combinations, of a particular configuration, An ex 


{ hedulin 


certain assembly operations must await the compl 


unple is an assembly line problem, where 


while oth can all be pel 
With complete knowledge 
of the priority relationships, and a high-speed auto 


tion of preceding ones 
formed at the same time 
matic calculator to juggle th equences within the 


limiting restriction larg performance 


ments have been obtained in several case 


WHAT TO LOOK FOR 
IN A SCIENTIFIC CALCULATOR 


Many industrial, commercial, and 


prove 


educational o1 
ganizations are faced with the problem of deciding 
kind, and make of 
sor they should obtain. Several thorough 


what size, cientific calculator 
or data proces 
urveys of all por ible equipment have been based 
tatements'’. Of course 


omplete dese niption 


on manufacturer: ill manu 


facturers are willing to give a 


of their equipments, based on their opinion of their 


performance Th ext artick 1 thi ere will 


attempt to add to manufacturer tatements some 


objective comments on available ¢ ipment 


\t a Special Conference on Digital Computers 
ind Data Processors at the University of Michigan 
last August, 17 users of equipment gave “Reports 


from the Users”, which were taken down verbatim 


with question and answel Where the ippl 


excerpts from these reports will be 


quot ad 
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Besides hearing the arguments of the various com 
puter manufacturers, it pays for every incipient user 
to consult experienced and objective personnel, either 
inside or outside his own organization. A survey of 
the present users of equipment under con 
including visits to installations, is unper: tive 

The first decision to make concerns the principal 
types of problems to be handled by the new equip 
ment. Even this doesn’t necessarily decide the pat 
tern of equipment, since business-data 
processors are also used for engineering calculation: 
At least one large installation plans to use a scien 
tific calculator for both scientific and business prob 
lems, under the theory that a fast scientific calcu 
lator with suitable input-output equipment can per 
form better than any of the present business-data 
processors. (See the “Report” by H. R. J. Grosch 
of General Electric’s Gas ‘Turbine Div. on the pro 
posed use of an IBM ‘l'ype 704 calculator with ‘Type 
705 business-data processor peripheral equipment"'. ) 

The question of whether to rent or buy must be 
weighed in the light of both the financial and tech 
nical capabilities of the organization getting the 
calculator. Buying rather than renting is usually 
cheaper, but does not provide as much protection 
from technological obsolescence 
erally means the purchaser must furnish his own 
maintenance personnel. If a computer is to be altered 
for experiments with real-time applications, it usually 
must be purchased. 

An operating electronics firm might tend to buy 
an insurance Company to rent; a university with at 
clectrical engineering department capable of altering 
a computer might buy, and a nonengineering college 
might rent 


ideration 


many 


Also, buying gen 


Programming Techniques 


Original problem set up procedures for computers 
required an instruction-by-instruction human hand 
translation of the problem into machine language 
But with the advent of “automatic coding’ tech 
niques, in which individual external instructions cor 
respond to groups of internal instructions, the com 
puters themselves perform much of the clerical pot 
tion of programming and coding and at the same 
time avoid many human errors, ‘The new user of a 
scientific calculator should make sure that the com 
puting cquipment under consideration can be 
idapted to automatic coding, or else be willing to 
spend many man-months on programming. Libraries 
of subroutines, automatic assembly programs, com 
pilers, generators, translaters, interpreters, and all 
the other techniques developed over the last five 
years have shown that much of the difficult and 
time-consuming job of coding can be eliminated 

Input and output are often the weakest links in 
present-day equipment. On the average, 30 of the 
40 monthly failures on the University of Mlinois’ 
Illiac are due to input-output. (See “Report” by 
Professor James Robertson of Ilinois'’.) The aver 
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age new computer user normally feels that a low 
speed input or output device will not bottleneck his 
operation. But once the machine is being used 
regularly, external information handling delays soon 
prove intolerable. Regardless of machine cost, any 
stored-program scientific calculator should have an 


input speed of at least 200 decimal or alphanumeric 
characters, and an output speed of at least 50 char 
acters. If the equipment is to be used in conjunction 
with available punched-card equipment, punched 
card input-output is important. Otherwise, paper 
tape or magnetic tape input should be satisfactory 


Internal Computer Characteristics 


Internal computer characteristics are important in 
ofar as they affect the usability ease of a calculator 
electronic reliability. In present-day calcu 
lators, reliability varies inversely with the number of 
tubes, because of the inherent relative unreliability 
of vacuum tubes. Big advances in reliability are ex 
pected from the next sequence of computers, now on 
the drawing board, since they will have none, or only 
However, preventing tube 
failure during operation is just as important. “Mar 
ginal checking” is one of the most common and 
workable 


and its 


a few, vacuum tubes 


preventive techniques. Computer volt 
ages are varied during maintenance periods to deter 
mine which tubes or other components are apt to fail 

Although John von Neumann (considered the 
original designer of the present-day class of calcu 
lators) originally recommended the binary number 
system’, it is worthy to note that he later partici 
pated in the Navy’s design specifications for the 
NORC ( Naval Ordnance Research Computer), built 
by IBM and now located at the Naval Proving 
Grounds, Dahlgren, Va. ‘The NORC has a binary 
coded decimal number system for easy external 
number handling. Similarly, although the original 
Princeton general-purpose design? recommended a 
fixed-point method of computation, with numbers 
in absolute values less than one, the NORC uses 
full floating-point arithmetic (fractional number plus 
decimal exponent). Both the binary-coded decimal 
number system and full floating-point arithmetic 
are extremely useful in scientific calculations, and 
a computer including both features should rate high. 
Built-in floating point saves time in problem formu 
lation, since complicated prescaling of a problem 
where the partial results are 
is unnecessary 


obviously unknown 


Computer Storage 


Particularly important in storage capacity is the 
relationship between the higher-speed, fast-access 
primary storage and the slower-speed, slow-access, 
but larger secondary storage. The earliest designs 
had at least 1,000 “words” or locations of primary 
access high-speed storage, each containing the equiva 
lent of perhaps 12 decimal digits. In a stored-program 


scientific calculator, 1,000 words is the absolute 





minimum acceptable amount of direct-acces 
storage 


prim in 


clectrostatic 
tubes that some computers use for primary storage 
have access times in the order of 10-50 microse« 
per piece of information. ‘The cheaper machine 
often use the less expensive magnetic drum as a 
primary storage device. Since access to a particular 
piece of information on the drum must wait an 
average of a half-revolution (5 to 20 millisec, de 
pending on drum speed), the latter machines may 
be from 100 to 1,000 times slower. ‘The user of 
slower-speed magnetic-drum machine should insist 
on more primary storage, since it 1s often possibl 
to trade storage locations for time by tricky pro 
gramming. For this reason, a magnetic-drum cal 
culator should have at least 2,000 locations of drum 
storage, of at least ten decimal digits each 

The amount of direct-access primary storage often 
turns out to be insufficient to handle many quite 
ordinary problems, particularly if the machine uses 
binary arithmetic and needs complicated input 
output conversion techniques. ‘Then the user is forced 
to turn to secondary-storage devices, such as magnetic 
tape or the less useful punched cards or punched 
paper tape. Where machines have fast primary 
storage, drums can also be used as secondary storage 

Magnetic tape is useful in the many formula 
evaluation and data reduction problems that require 
large quantities of information to be handled. A 
prospective user should carefully weigh the relative 
speeds of the central processor, including primary 
storage, and the tape units. It is possible that the 
speeds are mismatched, and that the benefits are out 
of line with the cost of additional tape units. In 
some cases, the magnetic tape equipment, designed 
several years after the original computer, is much too 
tast, compared to the magnetic-drum primary storage 
to be used as efficiently as it 


Ihe high-speed magnetic cores ot 


cost demands 
Instruction Codes 


In the early days, a violent controversy 
between proponents of machine 


using 
one-address logic, an 


raged 
instruction code 
“one-address” and “three-addre logi In 
iccumulator with a known 
address is the location of one of the operands o1 
the result of an instruction, while in three-addr 

logic, three addresses in cach instruction locate the 
two operands and one result. One-address instruction 
logic is more flexible, but the three-address log) 
is easicr to learn. With the advent of automati 
programming, which may vary back and forth be 
tween. one-, two-, addr 

logic, the actual structure of a computer becam« 
less important. And the 
an instruction 


three or even mor 


number of addresses in 
word is less important than the 
availability or nonavailability of coding technique 
that permit the computer to perform much of the 
clerical labor required to prepare instruction 

In some scientific calculators, the digit length of 


the basic machine can be varied by a factor 
of two. Thi iseful if primar 

limited, but with adequate primar torage it will 
probably never be used. Some busin data proce 


BIZMAC ind IBM l'ypes 7)? 


variable work length so 


word 


feature 1 torage 1S 


ol such as the 


md 705, have a completely 


that a number can be stored with an arbitrarily 


ized sequence of digits [his would be extremely 


useful im « xperim ntally determining und-otf errors 


However, the variable word-length edure, requir 


pro 
crial arithmetic, result 1 slowel opera 


cientit 


ing slower 
tion This means that for iblems, the 
lower data processors are noncompetitive with simi 
larly priced machines designed a entific caleula 


tors 


Optimum Cost and Size 


Bigness, when equated with high speed and large 


Most 


ind Wore Cx 


storage, has a direct relationship to efficiency 
experienced users agree that the lai 


pensive the machine, the 
2 


lower the unit cost per 
Chis implies that on 
torage calculator costing $1 million can do much 


operation magnetic-core 


more than four times the work of four smaller mag 
Q.0O00 each ()t 
if four different geographical locations ar 


netic-drum calculators costing $. 
COUTTS 
involved, this might not apply 

It is interesting to note that the NOKC is 
ten times 


ibout 
faster on many problems than any other 
existing computer. Similarly, the design for the 
LARC (Livermore Automatic Research Computer 

to be built by the Eckert-Mauchly D 
Rand ¢ orp calls for over 25,000 wor 
maguetic-core primary 
point anthmetic. Obviously, such machines can be 
built at this stage of clopment, And 


of the Ype4rry 
of high peed 
torage, with decimal floating 


omputer a 


. 
a 
~ 


IG. 3. The IBM Type 650 Magnetic Drum Calculator next 
year is to add «lphanumeric data handling, magnetic-tape stor 
age, floating-point arithmetic and a small quantity of magnetic 
core storage (at increased rental) to its present numerical data 
handling, magnetic drum storage 
ibilities 


and fixed-point arithmetic 
Although designed as a scientific 
used more often as 


calculator, it may be 
1 business-data processor, mainly because 


there is no true data processor available in its rental range 
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although the user may not be presently confronted 
with problems of the size of those to be solved on 
the LARC, he still should be prepared to see his 
present machine pressed to capacity as the skill of 
the operators and increased experience of the prob 
lem-posers result in more complex problems 


Reliability 


In any type of computer, equipment reliability 
means the difference between smooth operation and 
1 continuing struggle between user and equipment 
Because of careful original design, even equipment 
developed several years ago has proven very reliable 
lor example, users of the RKeservisor, a reservation 
accounting system at American Airlines, LaGuardia 
Vield, New York, claim an average “down-time” of 
0.2 per cent out of each 22-hour operating 
day. This excellence was accomplished by building 
two identical computer and storage units, with a 
basic packaged construction. (Note that this low 
percentage does not include failures in input-output 

Similarly, the results of the acceptance tests for 
the ERA-1103 (UNIVAC Scientific), as reported 
by Richard Castanias of the Vitro Corp", show that 
the Eglin Air Force Base computer operated more 
than 43 hours with no errors, the only stoppages 
being due to paper-tape punch clogging. R. W. 
Bemer of Lockheed’s Missile Div. noted that an 
IBM Type 650, Figure 3, operated consistently, un 
attended and without error, over weekends; and 
Professor A. J. Perlis of Purdue stated that th 


only 
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University’s Elector Data Datatron had performed for 
one month with no errors in the central computer 
and with only a few in the input output equipm nt 

and in the other “Reports 
was consistently the chief source of failure 


In all these case: input 
output 
hose computers with internal checking devices per 
formed even better. One user of both an IBM 
l'ype 701 and a UNIVAC reported that the latter 
while much slower, was almost as cheap 
per unit operation The UNIVAC’s | built-in 
checking prevented machine error propagation, while 
the 701 missed errors in the electrostatic memory 
because of the absence of built-in checks. 

he latter difficulty can often be overcome by 
using programmed checks. A better way to reduc 
such errors is to use mz ignectic core storage, as } be nig 
done on the ‘Type 701’s successor, the ‘Type 704, and 
on the ERA-1103A and other machines. W. H 
Papian of MIT, designer of the Whirlwind I core 
storage system, the prototype for most that have 
followed, noted that there appeared to be a two 


computer, 


months’ mean-free-path between errors on the Whirl 
wind core storage, and that failure 
associated tubes rather than in the cores 

All this indicates that purchasers or renters of 


came in the 


11 


calculators should insist on extreme re 
liability from the central control, 
primary storage units of their new systems, but at 
the same time should study carefully the performance 
of proposed input-output and secondary storage sys 


scientific 
arithmetic, and 


tems, still the main causes of machine unreliability 


DR. JOHN W. CARR 


John W. Carr got started on digital computers as 
an assistant on Project Whirlwind at MIT in 1948 
In ’49, a new MS in EF, 
1 Fulbright. While in Europe he put two months 
into learning the character of Cambridge U.’s new 
E;DSAC, then returned to Whirlwind to set up its 
Subroutines Library. Carr’s PhD thesis in 195] 
dealt with solving partial differential equations with 
high-speed computers. In ’52 he joined U. of Michi 
gan's Willow Run Lab to ready MIDAC for use 
later supervised the computer facility 
became 


he went to the Sorbonne on 


Last year he 
Assistant Professor of Mathematics at the 
University; he still consults at the Lab and runs 
computing courses for industry. 





Two-Capacitor Method 
of Phase Shiftin 


SIDNEY A. DAVIS, Servomechanisms, Inc. 


In ac servomechanisms, it is frequently necessary 
to shift the phase of the voltage on the motor main 
field winding with respect to the line lhere is no 


simple means of maintaining this exact phase shift 


at all speed Hlowever, the two-capacitor method 
hown in the accompanying ketch gives excellent 
results for small instrument servomotors when ad 
justed with the motor stalled. In contrast with the 
more usual single-capacitor method, using two capa 
citors permits simultaneous adjustment of both volt 
age magnitude and phase on the main winding 

l'able I lists a complete set of equations for estab 
lishing capacitor value Once capacitance is de 
termined, capacitor voltage can be calculated from 
the equations in ‘Table Il. ‘The following two ex 
amples will clarify the use of this technique 


Example 1 


he Bureau of Ordnance MK-7, 400 cycle, 115 
ervomotor has a rated current of 0.110 amp at stall 
and a power factor of 0.5. Determine C, and Cy and 
their voltage ratings if a 90 deg phase shift and unity 
magnitude ratio are to be achieved from a 115 v line 

Referring to ‘Table I, use Equations 7 for 400 ep 

(0.5) (0.110 


397.8 — 0.190 mfd 
115 


0.5 
397.8 (0.110 . 0.139 mid 
115 
and the Equations of ‘Table II to determine the 
voltage across the capacitor 


Ve 115 (1 + 1)" 162 v 


Example 2 


For a variation in the way these equations can be 
used, assume that a 90 deg phase shift is to be ob 
tained with the motor discussed in Example | with 
out using C, (in other words, Cy, equals 0). Deter 
mine the voltage impressed on the main motor 
winding under this condition 

Setting Equation 4 in ‘Table I equal to zero, 


0 v1 Pf BP 


Then B can be expressed b 


I 


and where Pf equals 0.5, e¢ motor must be 
designed to iccept 200 v o1 maim winding 


ryt 
i ~ Se" 


Main i : BVa > 
winding (9000090900000 Wind 


Rated m 


Roted 


Control 
winding 


Schematic of two-phase  servomotor 


9 power foctor 


Line voltage 


Py 


Nn-winding voltoge 
Main- winding current 


shifted by angle @ and attenuated by B to rated motor voltage 





lable 1—Capacitor Values for 
Phase Shifts and Magnitude 


ind i 


Vable I1—€ apacitor Voltage 
Across condenser ( 
V¢ } ] 


Across condenser C, 
Vey = BY 
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BASIC DIGITAL SERIES De a NO. 4 


Communication Theory 
In Digital Systems 


THE GIST: Communication theory has 
been derived from the composite work 
of mathematicians, statisticians, physi- 
cists, and electrical engineers. Its appli- 
cation immeasurably aids the efficient 
design and use of digital computers. For 
instance, considering the information 
content shows how messages can be re- 
duced in length for minimum storage ca- 
pacity and yet retain their full signifi- 
cance. A practical example, taken from 
quality control tests, is discussed in this 
article. It indicates several coding meth- 
ods that save storage space. 

Another example: as the digital data 
proceed from the input, through the 
computer, to the output device, these 
data suffer corruption of content through 
round-off and truncation errors. The 
extent and effects of these corruptive 
influences are also covered here. 


The authors also consider program- 
ming, checking, transmission capacity, 


transmission rate, and the relationship 
of the major functions of a computer to 
the overall production of information 
useful to the operator but not available 
from the input data. 
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M. LEIFER AND N. M. BLACHMAN, 
Electronic Defense Lab., Sylvania Elec. Prod. Inc 


Communication within a digital computer system 
is a three-path process. As shown in Figure | 
P the operator communicates his problem to the 

computer 
© extensive communication occurs within the com 

puter during the course of the problem 
> the computer communicates its results back to th 
operator or to some spec ial system; for instance 

a controlled machine. 

Within the computer, as in most communication 
channels, the communicated messages consist of 
ordered sets of discrete symbols that represent the 
physical states of the computer's mechanism 


INFORMATION THEORY 


For instance, consider a single symbol chosen 
from an available set of symbols—say a letter of the 
alphabet—where the choice of any one of thi 
symbols in the set is assumed equally probable 
If n is the number of symbols available, then thi 
symbol can be chosen in any one of nm wat If the 
message contains more than one symbol, selection of 
the second symbol occurs in the same way Vhus, 0 
n*, n®, etc. represent the number of different possibl 
messages containing one, two, three, etc., symbol 

Ihe measure of the informational content of 
message depends on the logarithm of the possibl 
number of messages, It is reasonable to assume that 
a message's information content increases with the 
number of its symbols. For a message L symbols 
in length, the quantitative measure of the amount 
of information, H, equals log n” o1 


H = L log n. 


Thus each symbol in the message conveys to a 
recipient an amount of information equal to log n. 





FIG. 1. This block diagram illus 
trates the three major paths of 
communication within a computer 
system. The first is from the oper 
ator to the input units, the second 
within the computer itself, and 
the third from the computer back 
to the operator or to a special con 
trol situation. 


Of course, 
information, the recipient must be abl 
the message and take seriously what it says, but not 
be able to predict it in advance 
taken to the base 2, then the measure of the infor 
This simplest 


for this message to comprise significant 


to decode 


mation is in binary units, or bits 
choice, between two equally likely symbols, give 


H log, 2 = 1 bit 


is the amount of information conveyed per ymbol 


Non-uniform Probability 


Generally, not all symbol 


For example, in the English language not all letter 


ire equally probabl 
occur with equal frequency. In fact, if a message i 
long enough, one predicts not only the letter 
frequencies 


follow 


t, and u always follow q 


, but the frequency with which one letter 
lor example h frequently follow 
he effect of this predic 
to reduce the information 


inother 
tion 1 content, because 
part of the message tells the recipient something he 
ilready know The previous definition of informa 
tion content now requires modification 

lor messages of n symbols, where P, is th prob 
ibility of the ,th 
H, per 


ymbol, the information content 


y P, log, P 


i 


H is maximum when all P, are equal, and under 


ymbol becom«e 


this condition its maximum value equals log n 


Information Storage 


L hic problem of storage onsists of reducing thi 


If the logarithms are 


message to the shortest length that still permits 
highly probable reconstruction to it original infor 
mational content. ‘Then le ‘torage capacity will be 
required than for the original me ive Note the 
fundamental distinctions between the informational 
ontent of a message and the capacity required to 
tore this message: and also between the information 
source and th 


generation rate of a message ipacity 


is a rate) of a communication channel required 
to transmit information 

\ message in the English lan ge does not 
require a full 26-state capacity t ore each letter 
Portions that 
devoted to known characteristi 
tructure may be left out Thi nost efhicient!l 
transmitted or stored message is one whose ever 


of the message redundant o1 


f the probability 


part is independent and uniformly random 


Coding for Minimum Capacity 


lhe efficient coding of non-random message 
probabilitic ot l | po ible coded 


permit higher informat il content, and 


equalize the 
rie if’ ¢ 
reduce the 


torage ipacity reqi We mav con 


ider a pr iblem of coding me vith unequal 
probabilitic Lhe information from 1 quality 
ontrol test and the ult 7m into a binar 


bank 


torage 


QUALITY PROBABILIT ¥ 
\ 0.80 
B (0) 
{ 4 
D 00 


lor Cxaipl 1 SCQUCHC of test esults in the 
following typi al distribution ( ved in blocks of 
rour for convemence 


AAAKB) AAAA ACAA AAAA BAAA 


25 symbol 


AAAA BAAD 
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If the following straight binary code is attached 
to each symbol, (A—11; B—10; C—01; and D—00) 
56 storage bits are needed to store the 28 symbols, 
or 2.0 storage bits per test. 

Straight binary sequence 


LVALLI0 LLALLDALD «=LNOLTLAL §=LtddI11 
LOLLLLLL =LLLLLLLL «610111100 (56 bits) 


But another code can be used that examines 
sequences of up to four symbols until the first 


non-A symbol (if any) is encountered. Here, the 
position and letter of the non-A symbol follows these 


codes: 

POSITION CODE LETTER 
l 100 B 0 
2 110 Cc 00 
3 
4 


CODE 


111 D 000 
101 

The blocks are scanned until the non-A symbol 
occurs and its position and letter are noted by the 
code, If all four of the symbols are A’s, then only 
code 101 is used. Note that each of these position 
identification groups starts with a 1. Here is how 
the test sequence looks with this second code 

10101011100010111101011010111000 
Thus, in reading the coded message, the first thre« 
binary digits give the location of a non-A symbol, and 
the following 0’s identify the letter. ‘Then the next 
group of three digits starting with a 1 gives the next 
position information. 

The short sequence above requires 32/28 = 1.15 
bits per symbol. ‘This appears fairly efficient in view 
of the low-probability D in the sequence. Another 
alternate code, with an average of 1.26 bits per sym 
bol, derives from this simple code 

A—1; B—01; C—001; and D—0001 
Here, the 1 denotes the end of a symbol code and so 
the sequence can be deciphered. Note that the 
symbol with the highest probability has been 
assigned the least number of digits. This procedure 
reduces the number of bits per symbol. 

A practical example of the technique of using only 





FIG. 2. As the digital message proceeds through 
the channel on its way to the destination 
it becomes corrupted by various sources of 
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a small amount of storage is illustrated by the cas 
of storing a particular mathemathical function. It 1 
not necessary to store a complete table of ilues for 
the function; only the coefficients of the power seri 
representation need be stored 


Transmission Capacity 


[he central problem in communication is to 
messages cfhciently through a_ noisy 
Figure 2 shows the path of a signal from 


the source to its destination and the introduction 


transmit 
channel 
of noise within the transmission channel. Noise, o1 
random-signal generation, occurs in transmission and 
storage as a result of random thermal currents and 
unexpected combinations of circumstances, the 
statistical failure behavior of large groups of com- 
ponents, decay of storage elements, and other natural 
departures from ideal behavior 

parameters that determine 
capacity for the transmission of information are the 
bandwidth and the signal and noise powers' 


The basic channel 


N 
C = B log, 


N 


Hlere, B is the channel bandwidth in cycles per sec, 
S and N are the signal and noise powers, and C 


is the capacity in bits per se 


COMMUNICATION— 
FROM OPERATOR TO COMPUTER 


lhe operator communicates his problem to the 
computer through a keyboard, which records the 
problem on punched cards or paper tape, or on 
magnetic tape \s a portion of the computer's 
external memory, this record constitutes a source of 


numbers and instructions for these numbers 


Instructions 


lhe computer can interpret and execute only 
simple operations. ‘Therefore, a difficult part of the 
communication process involves the simplification 
of instructions into a form that the computer can 


Signal power 
S 
> 


Noise power 
N 





noise, aS shown in the block diagram above 
Typical sources of noise are: powerline tran 
sients, thermal noise, and faulty components. 





understand. For instance, the computer understands 
such simple commands as 
P add the number stored in memory location 010 
to the number stored in memory location 011, place 
the sum in memory location 012, and then perform 
as an instruction the quantity stored in memory 
location 030; o1 
> if the number stored in location 012 exceeds the 
number stored in 013, perform as an instruction the 
quantity stored in 031; otherwise go to 032 

In terms of striking keys, these instructions may be 
represented by: 

1010011012030 

501201303 1032 


where the initial 1 means add and 5 means compare 


Programming 


Most computers that have been operating for 

yme time acquire libraries of instruction tapes and 
card decks that carry programs for a wide variety of 
computations. All the computer needs are the 
appropriate tape from the library and another tape 
that specifies the numbers for the problem. Or it 
may combine several library tapes with the aid of 
a super-program tape. 

Interpretive programming may be used to simplify 
communication between the operator and the com 
puter. ‘The library program tells the computer not 
to obey its own instructions literally, but to interpret 
them as relatively short stored sub-programs for a 
variety of operations, Although the effective ability 
of the computer is expanded, it is at the expense of 
slowing down the computation because of the time 
required for interpreting 

In the program-checking interpretive mode, th¢ 
computer keeps track of many things that might 
otherwise get lost in the normal execution of the 
problem. Among these items are 
© the identity of all memory locations whose con 
tents have been changed during the computation 
P printout of all individual arithmetic results, 
together with instructions executed in the sequence 
> finding errors in programs, where the programmer 
did not command the machine to do what he 
thought he was commanding it to do 

When a computer operates in the interpretive 
mode, it can be made to acc« pt almost any languags 
including algebra. Thus, computers that have the 
proper programs solve sets of algebraic equation 
in literal form. Or the 
computer can be made to evaluate a definite integral 
from the mathematical form of the integral even 
when it contains transcendental functions 

‘The informational capacity of the input channel 
determines the speed at which data can be supplied 
to the computer. Ideally, the input rate should be 
so fast that the computer doc 
ing for data 
realized because 


when given the equation 


not waste time wait 
often not 


ot input cle vice Are 


Unfortunately, this aim i 
many type 
relatively slow 


COMMUNICATION— 
FROM COMPUTER TO OPERATOR 


Che control panel communicates a mall amount 
of information to the operator through its neon 
indicators. These lights show (in binary code) the 
contents of the arithmetic and instruction registers 
and program counter, and indicate the type of opera 
tion being executed. Although these lights flash 
much too fast to be read during the course of the 
computation, they freeze into a complex pattern 
when something goes wrong and the machine stops 
his pattern can be read for the clue to the source 
or location of trouble. 

lhe computers rapidly delivers 
typewriter connected directly to the output of the 
computer; but this typewriter is still relatively low 
Directly-connected high-speed printers ot 
tape accept large quantities of information at the 
fastest rates. The information, if taped 


operates a printer at some slower rat 


COMMUNICATION— 
WITHIN THE COMPUTER 
I'he computer acts as a 
from the 
fed into the machine, to the output 


information to a 


output 


ub eque ntly 


commu ition channel 


input device, on which the problem | 


| ice on whi h 
details of the 


nature of the 


the machine delivers its result The 
communication process depend on t! 
computers cir uitry 

Fundamentally, all existing electro digital com 
signal Al] 


tion, both internal and external 


puters operate On binary TTUTICa 
hed ith binary 
wie thre 


itput printing 


term lhus, the input keyboard input 
characters in binary terms and thi 
device decodes them and 


print th ippropriate 


haracters in the decimal system 

Ihe binary character of the codes minimizes the 
chance that noise can cause an error and, ordinarils 
errors where one state is confused with another arise 
from transients rather than noise. Less frequent are 


errors due to faulty component 
Signal-to-Noise Ratio 


Ihe large signal-to-noise ratio that exists in com 
indicate i high rormation-rat 


could he ( 


puter circuitry 


ipacit' Dhis capacity ed and a 


peed of 
ing bandwidth or using a many-state representatio 


higher 


i 
computation obt cd by imecrea 


instead of the present binary technique, Hei 

© shorter of and hig! lock gral 

rates increase the bandwidth, but 

© multi-state operation of tube 

is not reliable with presently a component 
Simpli ity and the relatively low efficien of the 


high ignal to-noise ratio of a two-state tem form a 


tcc per pul i 


conflicting de nd 
ment cost and reliability Redunda 


computer omat 


COMM promise with thi of equip 


procedure 
ind equipment in thre random 


cquipmcnt and componcit failu vhere these 
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failures may be interpreted as a noiselike inter 
ference. Such redundancy is found in the coding 
procedures and other means of checking built into 
the computer 


CHECKING 


Checking procedures assure accuracy in digital 
computers. Many different methods, for different 
reasons, are used 
© the parity check apnends an extra digit, as needed 
to the binary code for each character, so that all 
characters are represented by an odd (and therefore 
never zero) number of pulses. Thus, if any one 
digit is accidentally altered or if all of the digits 
are dropped, the error can be detected and the 
computation tried again automatically, Should the 
error ‘persist, the computer sounds an alarm 
the echo check transfers the entire received in 
formation back into the source to see whether it 
is exactly the message that was sent 
Pa marginal check alters the heater supply and 
the B supply voltages in one section of the computer 
after another, thus exposing incipient failures, which 
might appear during computation 
© mathematical checks, such as the substitution of 
the root of an equation back into the equation 


ERRORS 


Nearly all errors made during a computation ar 
the fault of the human operator. The most experi 
enced programmers seldom see a problem run cor 
rectly the first time. Debugging a program is a 
matter of successive approximations, during which 
the computer may be the undeserving object of a 
good many hard feelings. Once the program ha: 
been debugged, however, two other errors arise: 
© quantizing error, resulting from round-off due to 
the limited number of figures that 
handles, and 
P truncation error, the result of the computer's 
limited (but high) speed 


a computer 


Quantizing Error 


Ouantizing, or round-off, error occurs because a 
continuous variable is being represented by a dis 
crete succession of values, each of which can take 
on a limited number of different values. In digital 
computers round-off errors act like continuous noise 
The effect builds up as long as the computation 
continues, rendering uncertain more and more of 
the digits at the least significant end of the numbers 

Thus, while ten digits seems adequate for a desk 
calculator, it is not so for an electronic digital com 


puter, which executes so many more operations per 
final result that it often needs to carry additional 
digits 
mately with the square root of the number of 
arithmetic operations, the computer needs at least 
three more decimal digits than does a desk calculator 


Because the quantizing error grows approxi 
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Truncation Error 


Truncation error is due to the computer's limited 
speed, which necessitates representation of a con 
tinuous wave by a periodic succession of sampled 
values. Truncation error occurs principally in the 
solution of differential equations and in the com 
putation of integrals and is a result of having to 
use a finite value for the increments of the inde 
pendent variable 

In principle, one might use as small an increment 
as one pleased, but an increment one fourth as large 
requires four times as many steps of integration 
This would lead to four times as many round-offs 
ind, on the average, twice as large an expected 
Thus, the numerical analyst, when 
setting up the program for computer solution, 
balances carefully the effects of truncation and quan 
tizing errors against the cost of computing time 
This cost may suggest the acceptance of a large 
truncation error—thereby keeping down the total 
number of operations that a computer must perform 


round-off error 


Error Analysis 


But round-off errors are not necessarily independ 
ent and random; that is, they are not necessarily 
uniformly distributed between plus and minus half 
a unit in the last place. ‘These errors may occur 
time after time in the same direction and build up 
to a larger total error. ‘This situation must be 
guarded against carefully, for it may invalidate twice 
as many figures at the end of the result as would 
otherwise be expected. Thus, round-off errors limit 
the accuracy of the final result, just as the noise 
level limits the fidelity or the rate of transmission 
of information in a communication system 


INFORMATION RATE 


As we have seen, the input message becomes more 
and more corrupted by noise as the computation 
progresses. ‘Thus, the effective signal-to-noise ratio 
it the output may be expected to be so much lower 
than the effective signal-to-noise ratio at the input 
as to be effectively independent of the latter. The 
output signal-to-noise ratio in any particular result 
mav, therefore, be described as the ratio of that 
result (which should be of the order of unity) to 
its standard deviation. If the latter is due to random 
round-off errors, the signal-to-noise ratio, which 
mav be defined as starting out after one arithmetic 
operation in a computer carrying n decimal digits, 
at about 3 x 10°, on account of an assumed round 
off to n digits, will fall as t’/* where t is the time, 
expressed in units of arithmetic operations contribut 
ing to the round-off error in the final result. If m 
digits of the final result are reliable and this result 
is close to unity (good scaling of the variables requires 
that the numbers be kept close to the maximum 
value that the computer can handle), the output 
signal-to-noise ratio may be about 3 x 10" 





Without extensive use of mathematical theory of 
communication’, it is possible to see that as a com 
munication channel between the input and_ the 
output, its informational capacity is m de imal digit 
per such result. Of course, 
a different program, the computer could have trans 
mitted a vastly greater amount of information trom 
the input to the output in the same length of time; 
e.g., it might simply have transferred input data 
directly to the output and done no computing 
Thus, we see that any computing the 
results in a loss of information! 

This means that the result is implicit in the input 
program and input data and, in fact, a more exact 
result is implied by these data than the 
obtained by the computer. A computer carrying 
more figures would have achieved a more accurate 
result. In fact, no computer at all is necessary 
Ihe programmer might have carried out his program 

if he had enough time) with the aid of many 
pencils (and much paper) and obtained a result 
with arbitrarily great precision. A computer's real 
value is its speed in obtaining a result whose rela 
tionship to the input data is so obscure that th 
user of the computer can guess only very roughly 
what it will be. Thus, barring his resorting to 
other ways of estimating the result, the user, when 
he sees this result, gains a certain amount of in 
formation which is determined by the differenc« 
between his prior uncertainty as to the result, 
(expressed as the range of positions in which the 
first non-zero digit of the result will fall) and the 
number of digits of the computer's result in ich 
he is interested or in which he places credence 
Thus, the computer gives many decimal digits of 
information to the user for each successive result 

It is interesting to apply this approach to the 
case of the desk calculator, which may be slow 
enough for the operator to estimate the result fairl 
accurately before the machine has finished comput 
ing it. ‘This ability of the computress to comput 
rapidly in her head reduces the amount of informa 
tion the desk calculator gives her and it acts as a 
check against errors. ‘The operator of an automati 
computer, however, is not able to keep up with the 
machine unless he has laboriously computed a check 
solution in advance to make sure the computer 
is doing what he intends, and so he gets more in 
formation from the machine at the 
uncertainty about the result ICCUTACY 

The point to be emphasized here is that th 
computer can in no case be 


under the guidance of 


computer does 


result 


expense of 


regarded as generat 
ing information. ‘The computer comes closest to 
doing that when it is executing a program for th 
generation of random numbers, but, actually, th 
numbers it generates are completely determinate, 
just as are all of the thing 
does when it is operating properly. Hence, the 
user could generate the same “random” number 
by carrying out the computer program himself with 
paper and pencil. Although the 


in automat computer 


numbers are not 


really random and 


} 
spontancou t may well 


POSSCSS the propel statistical ha ti that 


ire required in theu appli ion rthermore 


there are sometimes advantages to being able to 


repeat the same sequence of random numbers for 
use in a number of different computations 
[he only time that a compute! 


1s spontaneously generating mformation would be 


ould be regarded 


when the program guiding it is not known but the 
know! lor this to 
happen, it would be necessary to have genuinely 
ition of the 
ibility of the 
ignificance of its result 


significance of the result 1s 


random elements entering into the 

program and, at the same time, an 
omputer to explain the 
\ computer vastly larger and more omplex than 
iny we have today would be required to realize such 
though 


it is not inconceivable that we shall o y ha 


1 generation of information by a computer 


omputer which are capable of a com 
parable in degree with that of a hum 


LEARNING 


Ihe ability to learn represent form of 
ibility to create vith which 
i.xperiment have ready been 
to thei 
respon Cc’ 
rather limited 
programmed to ti it it 


intelligence than the 
we have just dealt 

done with computers that learn to 
though the 
to their environment 


cnvironment:s range ot 
o far has been 
Ihe computer 1 various 
responses in a random order ‘hose responses that 
ire rewarded by some measure of succe the com 
puter must be told how successful it was in the 
ituation with which it was confront 


treque nth 


it tries mor 
ful it tries |e 


it can adapt its re pons 


those that are unsuce 
frequently In this way, 


which 
rudimentary form of learning 


pattern to a changing external environment 


repre cnts a ver 
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HOW STABILIZATION IMPROVES 


CLOSED-LOOP OPERATION 


Putting Stabilization 


To Work 


GARETH M. DAVIDSON, 
American Bosch Arma Corp., Arma Div. and 


LUTHER NASHMAN, 
Avion Div. of ACF Ind. 


THE GIST: Last month the authors expressed 
the operation of closed-loop systems in terms 
of stability and damping. Now they describe 
actual stabilizing and damping techniques 
that can improve the dynamic operation of 
servos. Network stabiiization, one of the most 
frequently used methods, is considered at 
length. Normally, these corrective networks 
are designed for a dc servo. But they are 
easily converted to an equivalent ac circuit 
for use in an ac servo. Two tables in the article 
show the steps for designing a de stabilizing 
network and for converting it. A third table 
illustrates eight other ways to improve servo 
operation. This latter table includes brief de- 
scriptions, advantages and disadvantages, 
and illustrates each device or circuit. 

As a final practical contribution, the auth- 
ors apply the damping network to a synchro- 
type repeater servo. They work out the trans- 
fer function of the uncorrected servo; deter- 
mine the corrective positive phase shift; design 
the network to give this shift; compute the 
values of the resistance, capacitance, and 
inductance; and indicate two different ways 
to use this circuit in the ac servo. 
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STABILITY AND DAMPING 


A servo system requires adequate stability and 
damping, characteristics that depend on such 
dynamics as amplifier gain, motor and load inertia, 
and friction. Often a system must be adjusted to 
meet design requirements. Generally, the major 
adjustment is made by: 
> introducing a positive phase shift angle to partially 
compensate excessive negative phase shift of the 
open-loop transfer function of the system, o1 
> increasing the effective friction in the system 

Probably the most advantageous procedure in 
volves network stabilization, properly designed 
combinations of resistance, inductance, and capaci 
tance giving the necessary positive phase shift. ‘This 
approximates true error-rate damping, and will be dis 
cussed in detail along with a practical example 

However, the many ways to adjust the effective 
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FIG. 1. Typical Nyquist plots of an open-loop transfer func 
tion, useful in determining the relative stability of a closed- 
loop system. Because the system is third-order, the curves 
asymptotically approach the minus 270 deg axis as the magni- 
tude falls to zero. Curve | represents a stable system—it does 
not enclose the 1 7-180 deg point. Curve 2 shows instability 
~it encloses the point. Phase margin (PM) and gain margin 
(GM) show relative stability—both are positive. When gain 
increases, they become negative and servo is unstable 





THE METHOD 


1. COULOMB FRICTION obtains from suitable fric 
tion surfaces on the output shaft. The resulting 
force opposes the shaft motion. A dead zone 
exists where small oscillations are permitted 


2. FLUID VISCOUS DAMP increases effective fric 
tion. Shaft rotates disc inside a cylindrical shell 
filled with viscous fluid. Rotating disc exerts 
restraining torque proportional to velocity 


3. EDDY CURRENT DAMP gives same effect as 2, 
but uses magnetic construction. A copper disc 
rotates perpendicular to a magnetic field. In 
duced eddy currents set up magnetic field, and 
exert retarding force. 


4. VELOCITY FEEDBACK gives voltage signal from 
tachometer proportional to output shaft velocity 
This arrangement increases effective friction co- 
efficient. 


5. VISCOUS ACCELERATION DAMP is similar to 2, 


but shell fixed to shaft and disc free to rotate 
On sudden velocity changes inertia of disc gives 
restraining torque proportional to difference in 
relative velocity between shaft and previous disc 
speeds. 


6. MAGNETIC ACCELERATION DAMP gives same 
effect as 5. Construction similar to 3, again 
disc is free to rotate. At sudden velocity changes 
the device creates a torque proportional to dif 
ference in relative velocity. 


7. TRUE ERRCR-RATE derives from two tachome 
ters that give velocity difference between in 
put and output. Overall effect introduces (1 
k,s) term in numerator of system transfer func 
tion to give corrective (positive) phase shift 





8. ALTERNATIVE ERROR-RATE method odds deriv 
ative (iead) signal to error signal and gives 
positive phase shift. This improves phase and 
gain margins. 





CONSIDERATIONS 


Inexpensive and simple, where accuracy require 
ments are not important. But wear limits life; 
difficult to adjust and maintain; wastes output 
power; and introduces static and velocity posi- 
tional errors 


Simple, rugged, has long life. Large F coefficient 
obtainable in small size. But adds inertia to 
motor rotor. Fluid may leak; fluid viscosity may 
be temperature sensitive; and some output power 
is wasted 


Easily assembled; there's no fluid to leak out 
Good reliability; but inertia added to motor. For 
given size the damping is limited; temperature 
varies resistance of disc and hence damping 


No large power waste; and coefficient F easily 
adjusted by voltage divider or transformer at 
tach output. But may be expensive, and of rela 
tively large size; extraneous electrical noise may 
be present 


Energy dissipation only when motor suddenly 
changes speed, and no additional velocity error 
is introduced. However, heavy disc increases sys 
tem inertia, and bearings are difficult to manu 
facture 


No additional error introduced; energy dissipated 
only during acceleration. But strength of magnet 
limits damping torque; and device adds inertia 
to motor rotor 


Arrangement gives ideal correction, but requires 
two matched tachometers to get rate signals of 
input and output velocities. Also needs addi 
tional comparators to obtain difference voltages 


Block s might be dc operational amplifier. But 
this requires vacuum tubes and power supplies 


DEVICE 
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1 includes these 
and points out 


friction also have their uses. Tabl 
methods, illustrates typical device 
their advantages and disadvantages. In addition, 
this table includes error-rate damping methods other 
than stabilization networks 

A Nyquist plot (Figure 1) shows the frequency 
response of the open-loop transfer function of a 
third-order servo. ‘This diagram discloses several 
bits of useful information about the operation of the 
system when the loop is closed 
points: 
© whether or not the system will be stable, and 
P if the system is stable, whether there is enough 
margin of stability to assure adequate performance 
under all conditions 

A single-loop servo is stable if the open-loop 
transfer function does not enclose the point | 180 
deg when plotted on the Nyquist diagram, as in 
Vigure 1. Here, phase margin and gain margin 
indicate the extent of stability 

The amount of damping determines the response 
of the closed-loop system to transient disturbances 
Proper damping assures fast response, usually with 
one or more overshoots as the output seeks the 
position commanded by the input 
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FIG. 2. A de lead network (2A) uses a combination of resist 
ance and capacitance to obtain the rising amplitude (2B) and 
positive phase shift (2C) that characterize a lead network. 
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STABILIZATION TECHNIQUES 


Improved tabilization and damping 
three mayor ter hnnique 

> Coulomb 
force 
[his type of friction 1 


the velocity of the output, but may have a dead zon 


friction—her i oustant mechan i| 


Oppose the motion of the output mcmpci 


} 


essentially independent ot 


\ hi h 
vast a 


that allows oscillations of small amplitude 
mav be desirable. Unde 
power at the output, and a constant uncertain 


Coulomb friction 


irable, however, 1 


position due to coulomb friction 
lable | 
> Velocity damping 
proportional to the 


is shown in 
this method develops a force 
velocity of the 
Velocity damping may 


output and 


Opposes the output motion 


waste output power and also introduce a positiona 


error. ‘This method of damping can be develope: 


l'able | 

® fluid viscous damping (mechanical 

eeddy current damping (magnetic) 

feedback (electrical ) 

> Error-rate damping—in this case, an ideal arrang 
signal with it 


ot change and develop a torce opposing the output 


in several ways, as shown in 


® velocity 


ment would combine the error 


motion. ‘The rate of change introduces a_ positive 
phase shift angle in the through loop that helps to 
offset some of the negative (lag) angle produced by 
the motor and load. Error-rate damping eliminate 
errors and does 


lists the 


velocity 
l'able | 


damping 


not waste output 


pows I 


several wavs to obtain error-rate 


® viscous acceleration damping 
© magnetic acceleration damping 
® electromechanical (two methods 

Networks provide a nearly ideal error-rate damping 
and have certain advantages over some of the above 


methods 


DC AND AC SERVO SYSTEMS 
Servo 


respect to their power source 


systems divide into two categori vith 
Pde servos use de voltages as their power source 
But the actuating signal 
varies with time, as in the case of periodic changes in 
the input amplitude during a frequency-r 
test 

P ac servos, on the other hand, use a high frequenc\ 
carrier voltage (60 or 400 cps) as the source of power 


instantaneous value of th« 


pon ( 


Here the lower-frequency actuating signal amplitude 
modulates the carrier. But the system responds onl 
to the envelope of the modulated wave 

lrequency response of ac and dc systems are 
plotted in identical ways, for only the information 
carrying, or modulating signals are of interest in 
checking stability and damping on a Nyquist 
diagram, and the de source and the high-frequency 
Carrie! extraneous The circuits for 
particular transfer functions, however, differ for a 
and dk 


voltages are 


SCTVOS 





TABLE 2 
ies rH 


THE REQUIREMENTS CHOICI 


NPUT IMPEDANCE TO AMPLIFIER 


MAXIMUM LEAD ANGLI 


FREQUENCY AT WHICH MAXIMUM 
LEAD ANGLE OCCURS 








DC LEAD NETWORKS 


[he resistance-capacitance combination shown in 
Figure 2A produces a positive phase shift as required 
from a lead network. In fact, this widely used 

rcuit serves aS a prototype for many other type 
llere, the transfer function, G (s 


oltage, I 


equals the output 


divided by the input voltage, [,, or 


G 


equals jw, the frequency variable 


R 
G 


Let 


ind let J R,C:; then tactor R,+R, from the de 
nominator of Equation 3; the 


COON 


[he frequency response of this network is show 
i the Bode Figures 2B and 2¢ 
letermined from Equation 4 (see How Stabilizatio 
Improves Closed-Loop Operation, Vol, 2, No. 12 
ligure 2¢ 


diagram 


indicates that a positive phase shift, « 
phase lead, occurs over a large range of frequenci« 


I his phase lead compensates excessive phase lag 
riginally present in the servo. ‘The maximum phas 


lead, #,, 1S found from the relation 


l a 
arcain 
a 


md occurs at the 
break 


tion 


geomctnc mean of the tw 


point frequencies of the transfer fun 


Here the break frequenci 





transfer function 


FACTORS IN DESIGNING A LEAD NETWORK 


WITH THESE CONDITION 


the minimum input impe 
the highest frequen 


a 


and their geometric 13 1 is the 


root of the product of the two freq 

The foregoing relationships can | rrouped for 
further reference in the sign e of RA 
ble 


nodihed torm 


type lead networks. ‘This is show l'a 
The circuit of Figure 2A give 
of error-rate damping lrue error-rat damping ha 
i transfer function of the form | is an the 
numerator of Equation 4. But this true form 
modified by the factor | aS | tha 
tol Lhe denominator term offsets the benefits of 
the true lead that results from the term in the 
igure 2C shows that the phase lead 


cle nowwitla 


numerator 
decreases to zero at the higher frea ( 

Lhe lead network operate on th crror igiial 
llowever, the attenuation («a troduced by 
the network needs increased amplit 

\nother form of de lead network 

inductance instead of Capac ifance in eau 
ilent transfer function Here r includ 


the coil resistance of the induct 


AC LEAD NETWORKS 


Lh unplitude and phase shift ct f for 
igure 4 mimetr 
Mh i muilarit 
characteristi fo T lead 


in ac lead network 
round the carrier frequenc 
ctween these 


FIG. 3. An alternative circuit uses resistance and indi 
tance to obtain the characteristics required of a lead network 
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FIG. 4. The amplitude and phase shift curves of 
an ac lead network are —— about the carrier 
frequency, but are similar to the de lead network. 


Amplitude choracteristic Phase choracteristic 


——— 





Corrier frequency Corrier frequency 


networks: the characteristics to the right of the 
carrier frequency in Figure 4 are equivalent to the 
characteristics in Figures 2B and 2C. 

In general, the ac lead network characteristic is 
similar to a band-pass rejection filter about the 
carner frequency. ‘The shape of the amplitude 
characteristic of Figure 4 led to calling this type of 
circuit “notch” networks. 

There are several ways' to develop the characteris 
tics of Figure 4. One is the tuned resonant circuit 
(Figure 5). The derivation’ of its transfer function 
is particularly interesting. At first the analysis in 
cludes the carrier frequency, but later this is elimi 
nated because only the modulating frequency (much 
lower than carrier) is needed to determine stability, 
as shown on a Nyquist or Bode diagram 


The ratio of output to input voltage (transfer 
function) of this circuit is: 


R, 


OF 


Ri +R 


and the final result, in terms of w, 
frequency, becomes: 
2L 


2L 
I, 


the modulating 
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FIG. 6. An ac servo uses a de lead network by demodulating 
the modulated ac carrier signal (error signal), passing it 
through a filter, applying the new signal to the stabilizing 
network, and then remodulating and amplifying the correc- 
tive signal. 


Equation 6 shows a similarity to Equation 4. ‘The 
transfer function of the ac lead network is equivalent 
to the de lead network, except that a capacitor tune 
the inductance to the carrier frequency and its time 
constant corresponds to 2L/R. This equivalence 
leads to a conversion procedure, as shown in ‘I able 3 

The derivation of the ac lead network transfer 
function assumes that the carrier frequency coin 
cides with the network center frequency, and that 
the motor fields are 90 electrical deg apart at the 
Carrier frequency A variation in these condition 
partially destroys the damping properties of the 
network. Good operation calls for low drift of th 
carrier frequency and close tolerance on the motor 
field alignment. Other disadvantages of this circuit 
harmonics are emphasized, inductance must be 
linear, and the inductance pickup of the carner 
frequency introduces extraneous effects. However 
ac lead networks are practical for many servo applica 
tions. 

One way to overcome these drawbacks of ac lead 
networks involves a demodulator-modulator arrange 
ment with a dc lead network. Figure 6 shows a block 
diagram of the method. Here the modulated ac 
carrier is first demodulated and then fed to an appro 
priate filter. The resultant signal, the envelope of 
the modulated carrier, is acted on by the dc lead net 
work to obtain stabilizing action. Then, the modula 
tor recombines the modified signal with the carrier 
frequency and sends it to the ac amplifier 


Equivalent AC elements 





We = carrier frequency 





FIG, 5. A tuned resonant lead network 
typifies one of the many circuits that 
gives the characteristics of Figure 4. 
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HOW A NETWORK SOLVES A DAMPING PROBLEM 


FIG. 7. A repeater-servo illustrates design of a corrective lead network 
the damping network is designed on the basis of a de servo 














Although the servo is ac, 
I'he de lead network can be used 


with a demodulator-modulator arrangement, or converted to an ac lead network 


\ synchro-type repeater servo illustrates the net 
work improving system performance 
The block diagram in Figure 7 shows this type of 
servo. It is assumed here that all components ex 
cept the damping network have been designed to 
meet a given set of specifications 


method of 


Carrier frequency 
Servo natural frequency 
Servo motor (Kearfott R110) 
rotor inertia 1.13 
stalled torque 
no load (rated) speed 
Load inertia 


100) Cps 
20 cps 


10°* Ib-in? 
1.45 in.-oz 
5000 rpm 
assumed ne eligible 


THE PROBLEM: evaluate the system without 
the damping network, and from this information 
design a suitable corrective network 

The transfer function of the open-loop systen 
is considered as second-order and represented by 

” A . 
8) = T+ Fa) 7) 
where A = the overall open-loop gain constant, and 
7», = the mechanical time constant of the motor 

Both of these constants are unknown, and must 
be derived to determine the frequency response of 
the uncorrected servo 


The Gain Constant 


Consider that the system is in equilibrium and 
that the motor shaft is twisted to a constant dis 
placement of one radian. ‘The amplifier then exert 
a torque on the motor shaft he magnitude of 
the torque is found from the relationship 


w,= VK/J (8) 
= the natural frequency of the system 
(20 * 2 radians) 
K = the torque per unit angle (in.-lb/rad 
J = the total inertia referred to the motor shaft 
(Ib-in.?) 
From the above specifications 
, « 0.0465 in.-lb/rad 


where w, 


Ihe overall gain constant is found from thi 


relationship A K/I 


rated torque 
where F = : 


rated speed 


hus, A 269 /se 


The Time Constant 


Lhe time constant equal 


1 //F 


= 0.017 sec 


llowever, the non-linear characteristic of the motor 
indicates that the time oltage 
hould be about twice the calculated ilue. or 0.035 
Ce It i 


constant for low 
advisable to use this highe ilu 


The Open-Loop Transfer Function 


form of the transfer tuncton 


as a result of the preceding inalysis 


Lhe numercial 
becomes 
269 


s(1 + j0.035s 


G 


corre sponds to a break frequen 


l 


—— 1.6 cps 
2 & 0.035 


md a magnitude, at this freque 


, 269 ie ; 
Gif od 6.4 10 ap (13) 
2r X46 X72 


By trial and error, the 
equal to 13.6 cp: it 


Liat Paili 
ilculated thus 


frequency it 
phase lag l 


6 = (90 + arctan 0.035 2x 13.6) deg (14) 
(90 + 72) = 162 deg 


Hence 


loop system without the damping network is 


by definition, the phase margin of the open 


o 180 162 18 deg (15) 


Optimum performance calls for a phase margin 


somewhat greater, perhaps H) to 60 deg 


Lead Network Design 


The lead me twork hould give the imum phase 
lead at the frequency of unity gain for the overall 
compensated system. ‘This frequen determined 
by trial and error, and is most easil\ 
The amplitude characteristi 
of the network alone and the amplitude of the sys 
tem with this network inserted are both plotted 
The geometric frequency of the assurned network i: 
hifted until it coineides, roughly, with the frequency 
at which the overall 


wccomplished 
on a Bode diagram 


ystem has unity gain 
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Cc 0.021 ut 


—$i_— 


R,= 900 K ohms 


iG. 8. The analysis of the servo in Figure 7 leads to the 
above suitable de lead network, and may be applied with a 
demodulator and modulator. 


R,« 900 K ona 
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——. 00000, — 


L «15 henries 
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FIG. 9. If the corrective network characteristics for the re- 
peater servo of Figure 7 must be obtained from an ac circuit, 
Table 3 can be of aid. It facilitates conversion of the de lead 
network of Figure 8 to the tuned resonant circuit shown 
in the above cut. 


Using this technique, the low frequency break 
point of the network for the above system results 
in about 8.5 eps. ‘Then the time constant becomes 


= 0.0187 mee’ 16 


For these lead networks, an attenuation factor 
of 0.1 is usually practical; hence, a=0.1 The 
transfer function of the network to improve the 
damping of the above servo is given by 


(1 + 0.01878) 


Gi(a) = 0 
, (1 + 0.00187s 


(17 

But to realize the benefit of the damping net 
work the gain of the servo amplifier must be in 
creased by 10. ‘The overall transfer function of the 
servo system then is 


ous 269 (1 + 0.0187s - 
49) = Si + 0.03858) “U1 + 0.00187s 
rom a plot of Equation 15 it is found that at a 
frequency of 23.5 cps the gain is unity, or 0 db 


The phase lag at this frequency is equal to 


6 = (90 + arctan 5.18 + arctan 0.276 arctan 2.76) deg 


= (90 + 79 + 15 70) = 114 deg 


Hence the phase margin with the lead network is 


equal to 
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@ = 180 114 66 deg 


I his represents an increase in phase margin of 
Ad = 66 — 18 = 48 deg 

due to the insertion of the lead network Thus a 
ignifcant improvement in the dynami 
and overall stability of the servo has been effected 
by means of the lead network 

I'he actual network may now be designed with 
reference to Figure 2 and ‘Table 2. Assume that 
the desired input 
100,000 ohms. 


r¢ spon ( 


minimum 


Then 


R, = ral bot ) = 900,000 ohms 


o 1 0.0187 0.021 ; 
= 2 . 21 microlarads 
R, 0.9 X 10 — 


impedance R l 


Hence the de lead network required is as shown in 
ligure § 

SCCALISE specihcations call for an ac carrier type 
ervo, the de lead network shown in Figure 8 must 
be used with a modulator-demodulator circuit a 
indicated in Figure 6. If, however, an ac type net 
work is desired, a design can be effected quickly by 
means of Table 3. Considering the shunt resonant 
circuit, the value of inductance is calculated by the 
following relationship 


2 
L 


5 he es 
wi ™ (400 X 2r)? X 0.021 X 10 et 


and the ac carrier-type lead network is that pictured 
in Figure 9, 

Practical application calls for some adjustment in 
cither C or L so that the shunt resonant circuit can 
be accurately tuned to the carrier frequency Thi 
results in optimum performance. The equivalent 
response of the ac carrier network only approximates 
that of the dc network—there may be some notic« 
able differences in the servo dynamic characteristic 
between the two systems, especially as the servo 
bandwidth increases relative to the carrier frequenc' 
Vhis effect is difficult to evaluate, and in most 
practical cases appears to be either small or negligible 
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No load Half load Full load 


UNRETOUCHED OSCILLOGRAMS OF OUTPUT VOLTAGE: output to 115v with less than 3% harmonic distortion 
1000va Sola Harmonic-Neutralized Constant Voltage “Commercial sine wave” is maintained 


regardless of 
Transformer operating from 110v input and correcting load capacity served. 


+1% static magnetic voltage regulation 
with less than 3% harmonic distortion 


Static magnetic voltage regulation with all its advantages OTYPICAL MARMONIC ANALYSES. TYPE Cvs 
automatic, continuous operation; instantaneous response; CONSTANT VOLTAGE TRANSFORMER 


no maintenance; self-protection against short circuits; 





Input Output 
and input-output circuit isolation has harmonics in Vows | Vows | ard Sth 7% 


its output voltage. In the case of the Sola Standard CV Full load | 115 115.0 0.77 1.20% 0.34% 


. . . . . ¥ 115 116.1 1. 07 05 
Regulator, harmonic distortion is held within an average of 50% lead o ° 58 
No load 115 116.2 065 0.36 








only 14% at full load. However, even 14% is excessive on 


° *On production units, the lowest residual harmonic content may 
some applicat 10ns. occur anywhere between full load and no load 





Sola Harmonic-Neutralized Constant Voltage Transform- 
ers have the characteristics of the Standard Sola CV Stabi- 
lizer plus the added advantage of less than 3° harmonic 
distortion in the output voltage wave. 


Sola sinusoidal output stabilizers are ideal for the most 
exacting applications. They are widely used to provide 
stabilized undistorted voltage for instruments, production 
control components, and communication gear. They ar 
especially suitable for input to a rectifier when close regula 
tion of the dc output is required. 


Six standard ratings from 60 to 2,000va are immediately 
available from your electronic distributor’s stock. Custom 
built designs with ratings from 30 to 15,000va can be ordered 
in production quantities. A Sola sales engineer will be happy TYPICAL MECHANICAL STRUCTURES: The two sta 


bilizers on the left are stocl if the tranaf 
on the right i a special in the /,500va 


ormer 


to discuss your specific requirements, 


i4e’ ran 


Conalandl Vollage WRITE FOR BULLETIN 26A-CV-200 
TRANSFORMERS FOR COMPLETE DATA 


CONSTANT VOLTAGE TRAMSFORMERS for —s of Electronic and Electrica! Po nee * LIGHTING TRANSFORMERS for Ali Types of Fluorescent and 
Mercury Vopor Lomps. . SOLA ELECTRIC CO., 4633 West léth Street, Chicage 50, Iilinols, Bishop 2-1414 . BOSTON, 272 Contre Street, 
Newton 56, s © NEW YORK 35; 103 Bust 125th Street 3=© «=©6LOS ANGELES 26; “028 Sunset Bovieverd © PHILADELPHIA; Commercial Trust 
Building © CLEVELAND 15: 1836 Euclid Avenue © KANSAS CITY 2, MISSOURI: 406 West 34th Street © Representotives in Other Principal Cities 
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Plugging in the Transducer. This exclusive plug-in feature 
applies to both the transducer and the amplifier. Means quick, 
easy removal for service; minimum instrument down-time; 
checking can be done in the shop where full facilities are avail- 
able. Also permits separate calibration, 
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Plugging in the Amplifier. See how easily units are locked 
into the chassis. Also note screwdriver adjustment of range 
span and zero suppression by virtue of unique potential divid- 
ers. Exclusive Taylor vernier adjustment permits resolution of 
L partin 100,000, 





— POTENTIOMETER 
TRANSMITTER 


with all the innovations, ruggedness, dependability and versatility 
that industry expects from Taylor 


AYLOR has broadened its base of measurement 

with the introduction of an electronic instrument 
that extends the versatility of its pneumatic controllers 
and receivers. The TRANSET* Potentiometer Trans- 
mitter is a completely adaptable instrument for the 
measurement of a wide variety of variables, and can 
be quickly modified for use with different electrical 
primary elements. This ingenious instrument reflects 
Taylor's years of experience and knowledge of the 
requirements of the processing industries. 


The TRANSET Potentiometer is especially adaptable 
where processing conditions require pneumatic con 
trollers and receivers, and where conventional measur 
ing circuits have not proved adequate. In thermocouple 
applications, for example, it can accurately measure 
temperatures within limits of minus 320°F. 


3272 °F. 


to plus 
, with range spans as short as 100°F., depend 
ing upon the characteristics of the thermocouple used 


Plugging in the Input Circuit’ Board. It can be quickly adapted 
for use with different primary elements by simply plugging in 
the corresponding input circuit; e.g., for thermocouple appli 
cations cold junction compensation is provided in the plug-in 
circuit board. One instrument can therefore be used as a spare 
wherever a transmitting potentiometer is used 


Why experienced instrument men say — 
“most practical instrument of its kind” 


1. The unit is automatically, continuously standardized and 
offers complete electronic balance, permitting optimum re 
sponse adjustments. There are no slide wires or motor drive 


2. High Input impedance. No need to match resistance of leads 


3. Output impedance is virtually infinite, Its 0 - 5 milliamp sig 
nal can perform multiple auxiliary functions without affecting 
accuracy of pneumatic signal 


4. Range span and zero suppression adjustments are easily 
made by screwdriver due to unique design of high resolution 


potential dividers 


5. Both electronic and pneumati plug-in. Simplifies 


service; permits separate calibration 


6. Normal load is automatically ins d when ampliter is 


removed for service 


7. Modern printed circuits insure uniform pe rflormance l est 


terminals provided for trouble shooting 


8. Three-circuit jack on front panel permits easy monitoring 
of output current. Convenient pin jacks provided for checking 


standardization voltage 


9 Three piece, purged cast-aluminun case is moisture and 


corrosion proof, All adjustments are readily accessible 
10. If used only for scanning, logging or similar auxiliary 


functions the instrument is available without transducer 


Write for Bulletin *98262. Taylor Instrument ¢ ompan 


ies, Rochester, N. Y., and Toronto, Canada 


MEAN 


ACCURACY FIRST 








IN HOME AND INDUSTRY 
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IDEAS AT WORK 


Knob-Controlled Servos 
Speed and Simplify Panel Drilling 


The man at the console below is 
putting the large traveling drill 
through some fairly complex hole- 
cutting routines by merely dial- 
ing in coordinates and commands. 





Ihe four knobs on top locate workpiec« 
and drill, set hole coordinates. Pushbuttons 
control sequence, rpm, jog, reset. 


JOHN J. RUDOLF 
Mincneapolis-Honeywell Regulator Co. 


Industrial control panels are usually 
custom tailored. Hence, cutting vari 
ous-sized holes for instruments, dial 
starters, etc., has necessarily been a 
tedious manual operation: the layout 
checking, center-punching, and drill 
ing of each hole in the 4-in. steel 
sheet consume an average of about 
Further, though hole 
tolerances are not critical, the proce 
of fashioning a panel is subject t 
human error every step of the way. 

In order to substantially reduce 
cutting time and the chance for 
human error, engineers of Minne 
apolis-Honeywell’s Machine Controls 
Div. have designed an automatic drill 
ing machine that makes cutting holes 
as easy as tuning a T'V set. Starting 
with a special machine built by Far 
well Metal Fabricating Co. of St. Paul, 
they added automatic controls that 
enable an operator to “dial” the X 
and Y coordinates of a desired hole 


> min per hol 
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I'he machine, built to design by a St. Paul fabricator, consists of a traveling drill head 
mounted over a movable table. Its multiple spindle head can drill five holes at one 


time and cover a 4 ft by 4 ft area 


ind then dnl it by mer 
a button 


MACHINE DETAILS 


Basically, the Honeywell drilling 
machine consists of a traveling drill 
head mounted over a movable table 
Both table and head can travel 4 ft in 


perpendicular directions and can thus 


ONE JOB IT DID 


In this typical panel job the large holes 
were cut with the hole saw (shown) and 
the three-hole groups were cut in one pass 
by two drills and a smaller hole saw. 


A completed panel is in the background 


machine an point in a 4 
irea. Larger panels to 
ind up to 6 ft wide (lim 
throat of the machine)—car 
in several steps The drill 
travel of 4 in. is adequate for 
ing operations and the ent 
ind cross rail assembly can | 
or lowered to handle variot 
heights 

Che machine’s drill spind] 
bi 1 ELC3] _ thyratron 
variable speed motor for 

pindle speeds for drills a 
1/32 in. Also, a belt reduction 
it possible to saw or fly-cut lar; 
up to 6 in. in diam at speeds a ‘ 
3 rpm. The drill head itself is equipped 
with a multiple spindle attachment 
that can drill up to five hol nul 
taneously. For example, the clearance 
ind mounting holes for a p 
gage can be machined in on 
attaching a hole saw in th nter 
spindle and the required number of 
small drills in the adjustable spindles. 
Simultaneous drilling becom«e 
ticularly useful when several identical 


components are to be mounted on a 





panel. Actually, the of using a pre 
memory’ to handle duplicated holes 
with a single spindle was considered 
first—but was rejected in favor of the 


far less compl x mechanical method 


the 
potentiometers 


idea sent in 


ing. However, 


positioning 
eth 
tage 


SYSTEM ACCURACY bars 
As the control tem diagram 
its description might indicate, the in ing 
herent positional T of the 
suring not high enough yproximatel 
final hole W hil 


and 
po itional a 
curac' red 0.005 
rr 


for 
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location since error the lo 
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iting a ira 


HOW THE DRILLING CONTROL SYSTEM WORKS 


Im the drill 
table are positioned by conventional positional servomecha 
HISIns 
ind 


implified diagram below, the head and 
omprising thyratron amplifiers, ac servo motor 

feedback Inputs to the two sei 

loops are taken from precision resistive voltage divider 

Voltages from the latter—representing 0 to 48 in. to th 
0.001 in.—are knob-selected at the Th 
two de input voltages are compared with their respective 
feedback voltages to 60 oc 
fed into two relay amplifiers he 
error thre when 


po 


error 


potentiometers. 


nearest consol 
cle At 
latter 
the 


converted signals, 
et the de 
servo system 
within required tolerance band 
ilso the thyratr 

amplifiers, summed with their respective tachom 
feedback signals, and used to control the 
de bias the thyratron grids The 

loops are stabilized by vf ac tachomet 

feedback and rate the de bridge 
ircuit LD also, to avoid 


ind quadrature pt found mpl 


determine 
the 
channeled to 


holds and 
to 


ignal Alt 


have itioned 


I he 
powe!l 
ct 


tion a 


comb li 
on two ( 
a combination 
erro! ion in 
volt ive 


often 


compen 
was chosen for bridg« 


noise oblem in 


Head 
amplifier 


ous 


j 
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— 


J 





Command 
voltage 
source 
“| Head and table 
coordinate 


controls 


Iperating 


controls 
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Air- hydraulic 
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motion clecti 


onal ircuit 


machine n rpm, sequen 
|} ind choosin 


iling operation 
thrust drilling 
In the case 


the head 


ot 
ind work-piece to 
Indicator light 
relative to the called-t 
to pinpoint the lo 
on the work piece with r 
Hence, the operatol do 
urately on the table; h 
placed it term 
lo do thi 
iligned with on 
th input the 
how that the positions cal i 
By ill ho 
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WHAT'S NEW AT BRISTOL... 








TYPICAL GRAPHIC PANEL of Bristol Metagraphic instruments in oil refinery. 


Bristol’s Metagraphic 
Receiver line 





SIX-POSITION TRANSFER VALVE (on one 
knob ) for cascade control. 


THIS METAGRAPHIC TWO-PEN RECORDING 
RECEIVER records, indicates and controls 
one variable, and records another. It gives 
a continuous indication of either set-point 
or valve-position and indicates the other 
when valve knob is depressed. 


gives you 35 models to choose from 


A new degree of performance 
flexibility in a pneumatic receiver 


Bristol’s Metagraphic Receiver 
is offered for up to 3 measured 
variables — choice of three- or six- 
position transfer valves on one 
knob. 

Full plug-in construction provides 
a flexibility of use that can’t be 
matched. You can change a 
recorder to an indicator or vice 
versa in less than 10 seconds. If 
trouble is suspected, the unit can 
be replaced by a spare, checked in 
the shop — eliminating down time. 

The chassis of a Metagraphic 
Receiver can be withdrawn to an 
intermediate position while still 
operating. In this position, receiver 
can be inspected, charts changed, 
pens inked, zero adjusted, and 


clock serviced. 

Continuous valve position indi- 
cation on same scale as set point. 
“Bumpless” transfer is effected 
simply by matching pointers — no 
need to read scales. 

High-visibility colored fluores- 
cent paints make pointers easy to 
tell apart. Pointers for a given 
function are the same color in all 
instruments. 

Air chart drives are 100% 
matic — no electricity needed. 
Operates from 20 psi air supply. 

Universal piping manifold can 
be adapted to any piping (2-pipe 
or 4-pipe system ). No special tools, 
no parts required. 

Write for the Bristol Metagra- 
phic Receiver bulletin. The Bristol 
Company, 101 Bristol Road, 
Waterbury 20, Conn. 5.43 


pneu- 


BRISTOL'S 


POINTS THE WAY IN 
HUMAN-ENGINEERED INSTRUMENTATION 


BRISTO 


AUTOMATIC CONTROLLING, 
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=V2 Basin wt{A sin 6 — sin n 6) 


[he transition from fine to coarse 


data begins when the peak value of 
e equals the Zener voltage E 
E, = * 2 BA (n sin 6, — sin n@,) 
n 
where 6, is the switching angle 
The switch from fine to coarse data 
should be made before the fine data 


has reached its peak and begins to 


decrease: 50 deg < né, < 70 deg. For 


this value of né@,, (n sin @, — sin né,) 


* 
~ (25 


Bie V2, 

Ihe data-speed ratio n depends on 
particular requirements of the data 
system. The type of synchro selected 
fixes the synchro sensitivity B. These 
two parameters then determine the 
gain A and Zener voltage FE, of the 


diodes l'ypically, E, may be any 
voltage above ibout Sv Gains 
\ that may b« xper ted for E, in 
this range will run 10 to 25, readily 
realized by a single triode voltage am 
plifier stage 

Figure 3 is a typical switching curve 
for a 10-speed system with a diode 
Zener voltage of 5 v The transi 
tion is smooth and the ultimate one 


speed gain is th ume as in the fine 


t 
data control mn 





Integrator Computes Tristimulus Values 


Pw fix)- 


Figure 1 


The basic component of the 
Automatic Tristimulus Integrator 
is the analog ball and disc inte- 
grator, above. At right is the 
schematic of the ATI’s mechanical 
circuit, which evaluates integrals 
of the illumination source’s spec- 
tral distribution. 


I'he measurement of color, like the 
measurement of other complicated 
phenomena, lends itself to simplified 
procedures when the underlying prin 
ciples are reduced to their basic com 
ponents. Once the basic components, 
or tristimulus values, of color are ob 
tained, a unique definition of the 
color of an object results 

However, each of the tristimulus 
values requires integration, an opera 
tion complicated by the factors in 
side the integral, themselves function: 
of wavelength. As pointed out by 
Q. H. Olson in Part I of Color Basics 
for the Control] Engineer (Conrrot 
ENGINEERING, October 1955, page 
78) these integrals do not lend them 
selves to simple evaluation and must 
be performed graphically or mechan 
ically. ‘The Automatic Tristimulu: 
Integrator (ATI) developed by Libra 
scope, Inc., for use with the GE Re 
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cording Spectrophotometer, uses th 
ball and dis« integrator to 
perform the mathematical operation 

The integrated valuc ippear on three 
direct-reading 


andiog 


counter 
THE TRISTIMULUS INTEGRALS 
The ATI evaluat the 


integrals 

X = fExRdp, } 

Z = fE2Rd> 
where E represents the spectral di 
tribution of the illumination source, 
R_ the spectral reflectance of the 
colored object, x, y, and z the tristi 
mulus values of the spectral colors 
h the wavelength, and X, Y, and Z 
the tristimulus values of the colored 
object under the given illuminant 


follo Ving 


= f EyRdy. and 


BALL AND DISC INTEGRATOR 
The basic component of the ATI 


fear 


Figure 2 





is the ball and integrator, shown 
in Figure | Here is how this 
ymputing element work when the 
disc of the integrator rotates, it forces 
the two balls to rotate and they, in 
turn, rotate th linder. ‘The angular 
linder shaft is pro 
portional to the product of the dis 
tance of th ills from the 
f the di ind the angular rotation 
f the di aft. If the rotational 
di pla ement of the disc is x and the 
distance of the balls from the center 
of the di is a function of x, f(x) 
then the d 


i( ording t i 


rotation of thi 


center 


performs integration 


following relation 


) } [s r) dz 


where K is a constant of proportional] 
ity dependent on the dimensions of 
the unit 


hip 


ind where the integration 
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(ACTUAL SIZE PHOTO) 


. and this amazing sensitivity is only 
one of many outstanding characteristics of the 
entirely new DuMont Type 324 cathode-ray 
oscillograph. New standards of stability, 
low noise and hum level assure full use of the 
Type 324 for d-c to 300 kc measurements even in 
the microvolt region. Furthermore, the Type 32: 
is completely calibrated to read time and amplitude 
directly. There are so many features incorporated 
in this new instrument we can’t begin to give you 
the whole story here. Write us for complete specifications, 
or better still, ask for a demonstration of the 


New BUMOM tTvrPe 324 


For further information write to: 
Technical Sales Department + ALLEN B. DU MONT LABORATORIES INC. 760 Bloomfie!d Ave., Clifton, N. J. 
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Forword 
current 


Approx O.5V 


A Diode’s ‘Zener’ Voltage 
Suits it for 
Two-speed Data Switching 


Reverse 
current 


R. KRAMER, Massachusetts Institute of Technology, 
and W. R. PORTER, Lieutenant, USN* 


| me! with MIT’s Servo Lab 








The silicon diode’s breakdown characteristic can be 
used in synchro data-switching circuits. Simplicity and 
smooth constant-gain transition are some values gained. 


FIG. 1. Typical voltage-current relationship for (A) 
single silicon junction diode, (B) two back-to-back 











Ihe silicon junction diode is a diod uld be used fo itching i tenuation peed ratio n 


mi-conductor diode with very high the opel iting 
back resistance up to a critical re to one-half I-., but two diodes clim 
crse voltage, At this critical “Zener inate the bias problem fore, the 
breakdown voltage, the back resistance b igure hows the switching cit 
drops to a very small value Lh uit. Two data circuits are represented 
7cner voltage is very nearly constant typically by synchro control tran 
ver several decades of reverse current: former secondaries with outputs ¢ 
ind it can be controlled during manu ind ¢, for the l-speed and n-speed ede. iss 1 for equal gain 
facture At least one manufacturer ircuit Amplitude B is the synehi re gain can be 
vill supply silicon diodes with the maximum output in rms volt _— O produce ituration 
/cner voltage within a small percent It is often desirable that the sen alpen - data control zone 
of specified values igure 1A tivity at the output of the switching ' itput of the data-pich 
hows a typical voltage-current chat Cire ndependent of whiche = function of post 
teristic for a silicon junction diod yvnchro is controlling. ‘This maintain , ee the diode 


pot VCTE biased lor small an d sensitivit 


mn tin ' peed: ther 


Iwo silicon diodes in series con onstant system gain. It may b 
nected back-to-back have the chara complished by adjusting the gain A 
terist hown in Figure 1B. A singk ind the resistance voltage-divider at 


THE SWITCHING CIRCUIT... . . » AND ITS PERFORMANCE 


Diodes A times |- speed error signa! 
rms omplitude 


| - speed 
e, = (Bsin 6) sinu,t 





n - speed 
e, * (B sinn 6) sin wt 


Error or gie (3) 


\ 


FIG. 2. Circuit for silicon diode data switch has one stage of FIG. 3. Switch occurs between 50 and 70 dee on the fine 


amplification. Any other method also needs this gain; does not data synchro. Shown for a Zener voltage of 5 v in a 10 speed 


have this simplicity. system 
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SPECIFICATIONS ~ PERFORMANCE DATA — 


condensed information on regulated power equipment for every application 


The new 1956 Sorensen condensed catalog gives you specifications on more than 65 different types of regu- 
lated power supplies — a cross section of Sorensen equipment engineered to create new standards of accuracy, 
dependability, ruggedness and appearance. 


Included are new precision tubeless and transistorized AC and DC sources .. . a tubeless wide-range regulated 
DC supply ... a 750 volt AC voltage reference source .. . heavy duty tubeless regulated DC sources for critical 
industrial applications .. . plus advanced versions of Sorensen’s complete line of regulators and Nobatrons. 


The new 1956 Sorensen catalog is a quick, one-stop guide to equipment for your needs — engineered, tested 
and backed by the reputation of Sorensen .. . ‘the world’s authority on regulated power.” 


CONTROLLED POWER FOR sf>. RESEARCH AND INDUSTRY 


SORENSEN & COMPANY, INC. @ 375 FAIRFIELD AVENUE @ STAMFORD, CONNECTICUT 
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IDEAS AT WORK 


occurs between the limit x, and x, 


OPERATION OF THE ATI FIG. 3 Assembly of the Au 
tomatic Tristimulus Integra 

[he ‘Tristimulus Integrator _ re- tor allows easy installation 
ceives two signals from the recording and adjustment, and com 
spectrophotometer; these signals re- bines neatly with the record 
peat, through two servo systems, the ing spectrophotometer (not 
reflectance and wavelength values shown) for which it was de 
produced by the spectrophotometer signed. The important parts 
of the device are indicated on 


Figure 2 shows the schematic diagram 
c a, the photograph. 


of the mechanical circuit of the ATT. 
Here, the first integrator unit (3) 
receives motion from the wavelength 
servo (] Ihe balls of this integrator 
are positioned by the refle tance these function The wavelength Thus when the wavelength of the 
servo (2) and acam (13). Thus, the servo positions these cam 7), (8), spectrophotometer is varied from 400 
number of turns of the output cyl and (9). The cams, in turn, position to 700 millimicrons, the counters re 
inder of the integrator unit (3) i the balls on integrator units (4), (5 ord the value of the three integrals 
proportional to the product of the ind (6). that make up the tristimulus values 
reflectance and the change in wave Rda, the output of the integrator “700 
length, or Rdh. unit (3), rotates the discs of three / ExRd); 
The parameters E, x, y, and z, are all other integrators The number of P 
dependent on the wavelength, but revolutions of the cylinders of inte ae 


in) 
- EyRd > 

for a given light source the products grator units (4), (5), and (6) must 

Ex, Ey, and Ez appearing in the equal ExRda, EyRda, and EzRda . 700 

tristimulus integrals can be repre hese products are then totaled in the and Z / FiRd> 

sented by individual cams profiled to three counters (10), (11), and (12) 


100 


1Oo 
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Measuring Small 
Phase Angles 


W)\———+ 
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Pot wnpedonce 
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JACK GILBERT, Norden Laboratories ac 
. AAAAS 
1OV o—™s — — 
sii {vr ™ 7VVVVN 

— Null transformer j 

Gertsch model |OO) | 


iG. | 


Phase shift due to potentiometers, plus or minus 5 per cent at midband ind the nul 
precision resistors, computer ampli 350—1000 cps) An infinite 
fiers, ac tachometers, and transformer Ihe reference voltage, E, is divided pot i , fo refe 
windings can be found by a relatively by the reference pot slider until a 
imple technique that can measure minimum or null reading is observed 
phase angles as small as 0.005 deg on the vacuum tube voltmeter. ‘This 
ind as large as 30 deg. With some voltmeter reading will be the quadra 
loss of accuracy, angles up to 90 deg ture voltage. The phase shift created 

in also be detected by the method by the reference pot 1s insignificant 
(he detection circuit, with element because of its relatively low impedance 
of only conventional accuracy, obtains ind internal construction. Figure | 
phase shift and quadrature voltage illustrates the circuit and Figure 2 its 
from a reference voltage varying from theory of operation. 

50 to 5,000 cps. And the result is Ihe voltage ratio X is read directly 
accurate to plus or minus 0.01 deg from the dial of the reference pot 


m the meter 
wire type 
ence volt 
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G-E Germanium Rectifier Production 
Breaks the 5 Million Mark 


Customer requirements accelerate the production of a full 
line of highly reliable, long-life germanium rectifiers 


_ NEW germanium rectifiers were introduced by General Electric 
in 1952 and since then more than 5 million units have been pro- 
duced for industrial and military needs. In effect, this achievement 
represents more than fen billion hours of rectifier life—in hundreds of 
diversified commercial and military applications. 


PROVED QUALITY! Of the 5,000,000 rectifiers produced, 
only a fraction of 1% have required adjustment under 
the terms of General Electric's full year warranty! 


Wide Range of Designs. G-E rectifiers are available in a broad range 
of designs for many applications—for electronic computers, control 
equipment, power supply units, magnetic amplifiers; for military and 
industrial needs requiring custom designs; and for almost any appli- 
cation where DC power is required. G-E Germanium Rectifiers are 
more compact, and weigh less—as much as 75% less than comparable 
rectifiers of other types—and meet the rigid requirements for perform- 
ance established by the U. S. Navy, Air Force, and Signal Corps. What's 
more, G-E Germanium Rectifiers are warranted for one full year. 


immediate Delivery. Mass production assures fast delivery on all G-E 
Germanium Rectifiers regardless of quantity. For complete informa- 
tion concerning your rectifier needs, contact your G-E Semiconductor 
Representative. Or, write: General Electric Company, Semiconductor 
Products, Section X9916, Electronics Park, Syracuse, New York. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 


CONTROL ENGINEERING 
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Diffused Junction Germanium Rectifiers 
combine very high forward conductance 
with very high back resistance. The high 
temperature and magnetic amplifier recti 
hers feature very low reverse current rat- 
ings at ambient temperatures of 85 ¢ 


Power of the basic rectifier unit is 
boosted 5 times by adding a copper fin 
Stacked one to twelve fins in series or par- 
allel, the rectifier may be operated as half 
wave, full wave, or bridge circuits, and 
many other types of single or polyphase 
circuits. Typical power ratings are as high 
as 3 amps @ 190 voles; 1.43 amps @ 575 
volts; 3.6 amps @ 140 volts, etc 


The Medium Power Rectifier has a 5 amp 
rating at 200 voles (55°C). At 85°C it is 
rated 2.5 amps at 100 voles. These recti 
fiers, stacked in series or parallel, have rat- 
ings in thousands of watts depending on 
the design of the circuit 





ge divider. ‘The phase shift is an 
angle whose tangent is equal to 
Mo/EX. For angles less than 6 deg 
multiply the ratio Mo/EX by 57.3 deg 
to calculate a phase angle within the 
th measurement tech 
nique If a constant reference source 
is used, the dial of the voltmeter can 
be calibrated in phase shift directly 
It will be noted that as the phas 
ingle becomes smaller, variations in 
EX produce an increasingly greater = wRC OO 
role in the variations of Mo. Hence > input voltage 
the iccuracy of the technique for ' radian frequet 
mall angles is exceeded by its sensi- 1 time constant potentiometer overall resistance 
tivity. To achieve the indicated ac : equivalent lumped  cepacity 
uracy of 5 per cent, the reference pot measured ss end terminge ls 
should be accurate to 4 per cent for 
ingles less than 1 deg and the mete: easily calculated once its time constant 
calibrated within 3 per cent is known. The time constant could b 
lor potentiometers, a small capaci found by suitable calculation involving 
tor may be switched across the test the phase shift measurements (obtain 
omponent to determine the polarity ible by the balancing technique), but ( Dp ol n be de 
lead or lag) of the shift. The chang« here is a direct way of finding it Ol t types, one reading 
in meter reading is then indicative of igure 3 shows the setup R. is the yrovides all th formation needed to 
the polarity of the phase angle. For entire ten-turn pot. R,C, is the tim plot a pot’s pha hift characteristics 
instance, if the shift is caused by ca constant produced by the distributed Rather th e-wire pot, an 
pacitative reactance of the tested part capacity of the pot. C, is a variabl leal standard civic 
the condenser will augment them, in capacitor, and R, a small fixed resiste Gertsch Ratio Standard, Model PI 
reasing the negative phase shift and if approximately the same resistanc: Resolution be OO1 y 
hence the null voltage. Similar tech is the pot. The phase shift through ivailabl ( vith a voltage 
miques may be used for other com this resistor is too small to be signifi ratio accurate to within 0.0 per cent 
ponents cant. Only when the adjustable capaci The advantage of tl n is accurate 
\ plot of the phase shift of an un tor, C., is such that R.C equals R.C mutput with v internal imped 
loaded ten-turn potentiometer can be is the output voltage in pha e with th ince and ex v phase shift 


D 


iccuracy of 


W/V $$ WV 


shalt | iol mn per cent of 


marxitnutl tation 


ilate pha e shift 


er cent 


Magnetics Sleuth a Hidden Valve 


EDWARD S. SHEPARD, SR., AiResearch Mfg. Co 


Ihe problem at AiResearch was to in the thickne if the lve at that 
monitor the angular position of a but point, | than epresented 
terfly valve, which operated inside a iegligible air resi <imum 
round aluminum duct. Engineers Ihe magnetic comp mounted on rom the 
olved the problem by magnetizing the outside of ed vas a fluid 
the valve and following its movement damped device of high quali In 
with a magnetic compass, directly un the illustration valve i the 
der it on the outside of the duct 
Here’s the way they did it 
The butterfly valve, a simple air- Aluminum duct 
operated damper, did its job under r. 
rather high air velocity and air pres 
ure. Two stipulations concerning th: 





Closed position 


monitoring method were that no hok , Open position 
were to be made in the damper, and 
nothing was to be attached to it 
that could not be removed after the 
tests were completed Only one 
method seemed possible under these 
conditions and it turned out to be 
the simplest 

A tiny magnet strip fit could 
have been a pellet as well) was fas 
tened to an edge of the valve by strain 
gage cement. The resulting increase 





Moagnetized strip 


Closed fields opposing 


Magnetic compass 
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1- 2 Two Flow Computers 
3-12 Some Sensors 

13-25 Indicators & Testers 
26-30 Control Valves 
31-36 Pulse Products 

37-41 Relays & Switches 
42-46 Rotary Actuators 
47-50 Power Sources 
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ALL ELECTRONIC tubeless circuit for high speed, multi-variable flow computer. 


Accepted method of measuring gas 
flow in large quantities involves the 
measurement of a differential pressure 
across an orifice plate. However, the 
differential pressure itself is not a di- 
rect or accurate indicator of flow. In 
volved in the accurate measurement of 
flow by differential pressure is the ab 
solute static pressure, the temperature 
base, the specific gravity, the flowing 
temperature, the Reynolds number, 
the expansion factor, and the super- 
compressibility. Some of these factors 
vary rapidly, some slowly, some remain 
constant in given installations. 

A variety of pneumatic, mechanical, 
and manually operated devices have 
been designed to more or less auto 
matically make the required computa 
tion. Now comes the electronic 
method, represented by the ingenious 
device depicted by the block diagram 
With the advent of accurate pressure 
to-voltage transducers, it has become 
possible to develop such electronic 
flow calculators, and one of their ad 
vantages, the maker of the present de- 
vice says, is the possibility that 
electrical outputs without computation 
lags can be used as control voltages 
Other advantages: the ability to in- 
dicate and record with conventional 
electrical instruments, and the possi- 
bility of high frequency response 
within the computer. The latter en- 
ables exact computation during rapid 
fluctuations of the measured pressure 

The importance of this last feature, 
it is said, becomes apparent when one 
realizes that the basic equation for the 
computation of flow involves the 
square root of the differential pres 
sure. Hence, the flow that might oc- 
cur for the steady average value of a 
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fluctuating pressure signal is not equal 
to the flow that might occur during 
fluctuations around this figure. An in 
strument incapable of following these 
fluctuations would tend to present the 
average value for flow computation 
which, as mentioned, differs from the 
flow resulting from the fluctuating 
pressure itself 

Since the ideal location for many 
flow meters is immediately after a 
pump, the magnitude of the pulsa 
tions in a gas line can be quite sub 
stantial. Also, flow fluctuations can be 
increased due to phasic effects of vari 
ous pulsations in a given system 

The flow computer shown above | 
free of vacuum tubes and yet com 
pletely electronic. Its design, says the 
maker, was made possible only since 
the advent of pressure-to-voltage trans 


Orifice 


lucers, high gain magnetic amplifier 
computing circuits, and reliable semi 
onductors, all just recently available 
I'he resulting system is said to pet 
1m with an accuracy at the output of 
| per cent. The actual computing por 
tion of the system operates with an 
sccuracy of 0.01 per cent, but the in 
licating devices are unable to match 
this tolerance. Flow fluctuations a 
high as 500 cycles per minute are fol 
lowed by the system. 

An advantage of the completely 
electronic design, the maker adds, is 
the relative ease of introducing variou 
independent variables into the com 
putation from conventional electrical 
pickups. Southwestern ‘Industrial 
Electronics Co., Houston, Tex. 
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Static pressure 
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pressure (Transducer) 
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MECHANICAL flow computer 
integrates product of square 
roots. 


In describing the flow computer on 
the opposite page yme mention wa 
made of the basi problem involved in 
mcasuring flow 
ure indication 


from a differential pres 
Where the object of 
1 flow measurement is the integration 
f its rate for the purpose of indicating 
the total volume of material trans 
mitted, the hown her 
does the job through an ingeniou 
mechanism in a compact packags 

\ pneumatic illy or electrically 
driven clock motor provides the basic 
powe! 


instrument 


source for the flow integrator, 
ontinuously computes the extension 
factor in the flow equation; that is, th 
quare root 0 the product of static and 
differential pr ure Ihe result 
hown on a counter-like display 

Ihe figure at the lower left show 
how conventional pre 
puts are used to 


sure element in 
control the operabon 
f two unique square root det if 
double-ball-and d type integrator 
onnected in ser Th place in 
extremely small load on the pressure 
clements The integrator ire used 
here ] speed changer multiplying 
the output of the clock motor by th 
quare root of static pt ure and the 
quare root of the differential pressur 
Vhis produces the required function 
A dial indication of the static and dif 
ferential pressures utilizes square root 
calibration to provide a direct reading 
of these values from the 
lows. 

\ standard electric clock motor pro 
vides enough torque to total 18,000 
counts per hour. An optional feature 
is a magnet-operated reed vitch 


ensing bel 


which can provide a pul c rat output 
to operate a remote electro-mechanical 
counter. Librascope, In 808 West 


ern Ave., Glendale, Calif 
Circle No. 2 on reply card 
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SENSORS AND 


GAS LOW creates linear 
differential pressure. 


complishe 
number of flow 

Reynolds number 
full scale flow Pressul 


manometer or 


Thi ga flow ri 
left) indicat flow liu 


vith differential pressure pickup It 


yperate 


pressure drop set up by the viscou 


flow of fluids in ! 


this eff 


\ Input dial squore \ 
| root units 


Or 


ri\ wh nul ed 


on the principle of the lineai 


t by providing a 
in which the 
is ke pt below 400 at 


hannels 


differential 


Range Differential pressure element 
adjustment 


t—4 


(bellows or mer ty 


Zero 
adjustment 


' Computer 
v 
©0- 


| 
s 


mis) 


a | 
t = J Double dis« 
tx )- integrator 
Connecting (2) 
geors 


DETECTORS 


ing levice tion dé pit yulsatiy ov imput 


lurther advant 
drop aACCUTACY ¢ V1 » zero fil 
reliability of a static clement. Stand 
ird flow range from 0.003 cfm to 
100 cfm for st i 0 of the 
ommon gas ‘ niin 
Hy absolute t i) National 
Instrument Laboratori ( 610 


Rhode Island A Ky 


( It a 


ij) 


| permit 


pre sur 


sensing. The linearity of the ek 


flow indica 
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AVION 


An All-Weather Fire 
Control System of 

minimum complexity and 
maximum reliability is 
under development at Avion. 


The advanced techniques 
gained in this development, 
for the U. S. Navy, 

can be applied to your 
industrial control problems. 


Avion’s flexibility and 
ingenuity, coupled with 
extensive experience in 
Electronics, Mechanics 
and Opties can better 
serve you. 


Investigate the career op- 
portunities in our expand- 
ing organization. 


DIVISION 
QaCf ipustTrRises 


dace Highway #17, Paramus, N. J 


CONTROL ENGINEERING 


PRODUCTS 


SEVENTY-TWO points scanned 
and controlled. 


Up to 72 
tion ale 


ensed sta 
controlled 
within 4 minutes by this new Control 
Center 


te mper iture 


scanned = and 
ul ed as 


ontrol units 


I'hermistor ire 
ensing clements and the « 
provide dual SPD] 
1 spread between setting indexes from 
0 to 10 per cent of the entire scale 
Push 
the monitored points is possible, with 
visual and audible alarm for “off 
limits” conditions. Wheelco Instru 
ments Div., Barber-Colman Co., Rock 
ford, Ill 


witch action with 


button selection of any one of 


Circle No. 4 on reply card 


RAMAN spectrophotometer 
shows tiny samples. 


I'he impressive optical system above 
is the heart of a new Kaman Spectro 
photomete r, Cary Model 81, described 

particularly useful for small amples 
ind quick analysis. With the Model 
51 a complete Raman 
MHIZACTIC 


pectrum of 

min with 

is little as 0.1 millileters of sampl 

water and other polar com 
] 

pounds exhibit weak Raman spectra 

they are suitable 


can be made in 


Because 
as solvents in 


Applied Physics 
( olorado St . Pasade la 


for use 
Raman spectroscopy 
( Orp., 362 W 
1, Calif 
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VIBRATION MONITOR: A new 
n the 
with rotating equipment 
in vibration bodes ill. It 
ses Circuits Carrying up to 
nal the fact. The Beta Corp., For 

it Ridge Road, Ru hmond 2¢ 


plo ion proof device operat 


that 


Wh icreas 


ticory 


mp ¢t 
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HALF-INCH WATER pressure 
change operates switch. 


Phis externally adjusted switch re 
acts when a liquid or gas pressure ris 
x falls to a value of 0.5 in. of water 
It requires air or inert gas as its refer 
ence pressur 
from 0 to 45 in. of water 
Valves, 5125 Alcoa Ave., Lo 

5, Calif. 
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Ihe setpoint can vary 
Barksdale 
Angele 


EXTENDED RANGE FLOW 
METER: A flowmeter intended for 
cngine test applications, hydi iulic test 
work, and as a flow 
brating flow metering equipment tea 
tures automatic correction for change 


tandard for cali 


in density of the metered fluid through 
variations of specific gravity from U.<( 
to VY, 

I'he specific gravity sensing element 
msists of a precision potentiomet 
rotated by the fluid flow. Its voltag 
utput influences the ac to « 
verter used with the a 


The 


flow 


utput 

device is accurate to 
within 4 per cent full scale. By auto 
matically switching to new flow sen: 
ing elements as flow demand 


CHSO! 


require 
five ranges are provided for a full flow 
range of 30,000 to 1 or more. Potter 
Aeronautical Co., Route #22, Union 
N.] 

Circle No. 8 on reply card 


HIGH TEMP COUPLE: For use in 
temperature up to 1800 deg C is a new 
thermocouple that featur platinum 
UV per cent 
per cent 


ichieves its 


rhodium to p iinum 
calibration It 
high-range performan 
icrificing either rrosion ré 


rhodium 


without 





This control relay is the heart of the new Series 60 
electric proportioning control system which also 
includes a Speedomax® indicator/recorder, a primary 
element and a final control device 


Primary 
Elernent 


ee 


Furnace 








Heat !nput 














WITH THIS NEW SERIES 60 CONTROL 


You. caw, punk your woaaee HARDER 


fy 


control 


@ If you’re wasting valuable furnace time bring 
ing a batch io temperature . . . slowing down heat 
ing rate to prevent overshoot Series 60’s adjust 
able rate of approach will bring furnace to control 
point smoothly—-safely—-in shortest possible time 

If you’re losing production on your continuous 
processes due to hot spots slow start-ups 
poor combustion, Series 60’s sensitivity, speed of 
response and control actions will provide fast, uni 
form heat distribution within the furnace head 
off temperature departures as soon as they start 

Regardless of your process, if your furnace, your 
product and your production isn’t benefiting fully 
from your present controls, it'll pay you to look 
into Series 60 


COMPLETE, FLEXIBLE SYSTEM Heart of this flex 
ible system is L&N’s new, compact Series 60 elec 
tronic proportioning control relay which receives 
information from the Speedomax indicator/re 
corder .. . immediately amplifies it and adjusts the 
final control device to hold temperature in line 
This control relay is only 6” x 11” x 11”—about 
half the size of the Series 50 unit which it replaces 
It’s an integral part of our new Speedomax H in 
struments mounts in its own case when used 
with Speedomax G. Expendable components 
tubes, electrolytic capacitors, etc.—are plug-in for 
fast servicing 


VARIETY OF CONTROL ACTIONS Series 60 & 


available for Position-Adjusting Type 
or Duration-Adjusting Type (D.A/1 

P.A.T. regulates input by adjusting the position 
of a valve; D.A.T. provides a two-position opera 
tion of the final control device 
by adjusting the durations of heat-on time of a 
contactor, or of full-open time of a valve 

P.A.T. is supplied for singh propor 
tional) or 3-action (proportional, reset and rat 
D.A.T. for two-action 
and reset) or 3-action control 


regulates input 


tion 
control proportional 
Proportional regu 
lates input according to size reset according to 
duration and rate according to speed of temper 
ature change. Choice of type depends upon your 
product, your process and your production 

In the 3-action unit 
dependently—-permit optimum settings for best 
possible control. Reset is adjustable from 0-100 r« 
Rate time i 
continuously adjustable from 0-8 minutes 


reset and rate operate in 


peats/min; first step above zero is .01 


For a full description of Series 60 control, con 
tact your nearest L&N office, or write 4918 


Stenton Avenue, Philadelphia 44, Penna 


WLLL 
LEEDS IN NORTHRUP 
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OSCILLOGRAPHIC RECORDING SYSTEMS 








re) me. | mele) - a 


PROVIDE VALUABLE 
DYNAMIC ANALYSIS DATA 


PRODUCTION TESTING 


of components is accomplished by a 
Servo Component manufacturer by means 
of a Sanborn Single-Channel Recording 
System with a Sanborn Servo 


Monitor Preamplifier. 





DYNAMIC PERFORMANCE 


of valves when equipped with a certain 
pneumatic Valve Positioner is determined by 
the manufacturer with a Sanborn Two-Channel 
System and Sanborn Carrier Amplifiers. 


ACCELERATION and TORQUE 


are recorded simultaneously by an oil company in 


S 


their study of fuels and lubricants 
as they relate to engine 


performance. 





DRONE MISSILE 


manufacturer can simulate the flight of 
the missile and derive information concerning its 
behavior under certain conditions by means of 
an analog computer and a Sanborn Four-Channel 


System with four Sanborn AC-DC Preamplifiers. 








ATOMIC REACTOR 


to be used for power generation in 
prototype plant is studied with the 
help of a Sanborn Kight-Channel System 
which records the output of thermo- 
couples, strain gage pressure pickups, 
and resistance devices 





ANALOG COMPUTING 


center uses Sanborn Fight-Channel 
Systems to record the solutions of 
problems having six or eight variables. 
Sanborn systems specially designed 
for this type of work utilize Dual- 
Channel DC Amplifiers. 





Sanborn 150 Features tnctude: 


Inkltess Recording in True Rectangular Coordinates 


INDUSTRIAL DIVISION 


vy Y t-te] sd, | 
COMPANY 


CAMBRIDGE 39, MASSACHUSETTS 


Preamplifier Interchangeability 
Eleven Types of Preamplifiers 
ed Over-all Linearity 


Acce bility of Chart During Re 
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NEW PRODUCTS 


tance or scnsitivit Thenno kelee 
tric Co., Inc., Saddle River 
Rochelle Park P.O., N. ] 
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Town hip 


MOTION TRANSDUCER sensi- 
tive to a millionth of an inch. 


Motions as little as one millionth of 
im inch to as large as 0.124 in. are 
detected by the Model 100 Universal 
Displacement ‘Transmitt \ microm 
eter zero adjust permits mechani 
ind electrical zero to be adjusted after 
installation. Sensitivity is 5 millivolt 
per 0.001 in. with 6.3 v, 60 eps ac 
excitation. Output impedance is 200 
ohms, linearity to 4 per cent. Dya 
tronic Corp., 216 S. Main St., Dayton 
2 Ohio 
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POSITION PICKUP insensitive 
to high temperatures. 


linear motion lu 
m the principle of variabl 
meance as part of an ac bridg It 
mounts ina 4 in. hole and withstand 
temperatures as high as 1,300 deg I 





International Rectifier 
Selenium and Germanium Rectifiers 


Talbi-joal-tilelar- 1 
Selenium 


Products 


INDUSTRIAL POWER RECTIFIERS TV AND RADIO RECTIFIERS 


Pressed powder or vacuum process For all DC power needs from microwatts The widest range in the ind ! Designed 
used as determined by our to kilowatts. Feature long life; cor pact for Radio, Televisi« 100 UHF con 
Applications Engineering Dept. The light weight and low initial cost. Ratings erter and experimental app ions. Input 
most widely used Industrial Power to 250 KW, 50 ma to 2,300 amperes and — ratings from 25 to 19 Its AC and up. DC 
Rectifiers in Industry today! up. 6 volts to 30,000 volts and up. Efficiency output current 10 to 1,200 MA, Write for 

to 87%. Power tactor to 95°. Bulletin C-349 ipplic ation information, Bulletin ER-178-A 


ma. Pt Peers 
HIGH VOLTAGE CARTRIDGE RECTIFIERS SUB-MINIATURE SELENIUM DIODES PHOTOELECTRIC CELLS 


Designed for bong life and reliability in Half- Developed for use in limited space at ambi- Self-generating photocells available in 
Wave, Voltage Doubler, Bridge, Center-Tap ent temperatures ranging from —50°C to tandard or custon es, mounted or un 
Circuits, and 3-Phase Circuit Types. Phenolic +100°C. Encapsulated to resist adverse mounted, Optimus d resistance range 
Cartridge and Hermetically Sealed types environmental conditions. Output voltages 10 to 10,000 ohms. Output from .2 MA to 
available. Operating temperature range: from 20 to 160 volts; output currents of 100 60 MA in ave, sunlight. Ambient tempera 
—65°C to +100°C. Specify Bulletin H-2 microamperes to 11 MA, Bulletin $0-18 ture range: —65°Cto + 100°C, Bulletin PC 649 


Tabi -laat-tikelar- 1 


(eT-T saat talitian 


Products ee | 
ms ‘ P i al od 
Kt ae 


GERMANIUM POWER RECTIFIERS GERMANIUM DIODES 


This new line features: High efficiency—up POINT CONTACT. I juality crystals— 
to 97%, Lowest forward drop, High reverse long reliable life erior resistance to hu 
to forward current ratio, unlimited life midity, shock, tem, cling. Bulletin GO-2 
expectancy No reforming required after JUNCTION POWER. Ilermetically sealed 
storage. Ratings: 26 to 66 AC input v. per —welded construct Available in Stand 
junction: 150 to 100,000 amps DC output ard JETEC IN91, IN IN93 types. For 
Operating temperature range 55°C to diodes to meet your specific requirement 
75°C. In three tyles. Bulletin GPR-1 consult our Ser nductor Division 


High quality units of improved design 
are the results of years of experience 
in the production of exceptionally 
fine germanium crystals plus extensive 
researc h det tf lopment and field 
performance testing! 


1 world of difference Ya through research | For bulletins on products described waitt ON YOUR LETTERHEAD 
tO OUT PRODUCT INFORMATION DEPARTMENT 


International Rectifier 


EXECUTIVE OFFICES: 1521 E£. GRAND AVE EL SEGUNDO, CALIFORNIA «= HONE OREGON 8-6281 


R 


WORLD’'S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS 
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AFFILIATE OF 
GENERAL CERAMICS 


agn ell re CORPORATION 
Ysa 1ers-INC 


_ aenhounces its new. 
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VARIABLE ! 
SPEED DRIVE | 


— a a cm a ‘a — — — << = a ae ae ae ae ee ow ow ae ow ow 


MAGNE-SPEE 


SIZE il — 
3/4, 1. and 1-1/2 HP 


SIZE |— 
1/4, 1/3 and 1/2 HP 


Stepless, instant 
starting, compact, 
50:1 speed range, 
good regulation with- 
out tachometer, long 





life, virtually mainte- 

nance free service, low cost, 
fast response, reversibility, dynamic brake, local 
or remote control. Write for Bulletin SS80-5-55. 


Other (MA) Products and Services 


Magnetic Servo Armplitiers 

Transi-Mag * Amplitiers * Trade 
Analog Computors Nome 
Photoelectric Controis 

DC and AC Regulated Power Supplies 


Application engineering and conversion of tool ma- 
chines and production processes to automatic control. 


¢ BEM 
Magnetic Amplitiers «inc vA? 


Tel. CYpress 2.6610 * 632 TINTON AVE., NEW YORK 55, N. Y. 
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| NEW PRODUCTS 


lhe body exposes only stainle 
id is designed for use in furna 
reactors, etc., where it will measure 
motion up to 4 in. and down to 0.2 in 
Resolution of better than 0.000,000,1 
in. and linearity from 1.5 to 0.3 pes 
cent are claimed for all models 
Operating sensitivities are from 0.1 to 
per in. Crescent Engineering ¢* 
Res earch Co., 11632 McBean St., El 
Monte, Calif 
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WAFER-LIKE thermistors 
available without delay. 


Seen above are a few examples of a 
complete new line of wafer-sized 
thermistor The new elements are 
stocked in resistances ranging from 
ohms to megohms, and with te mpera 
tures coefficients as high as 7 per cent 
per deg C. The maker says the sampk 
quantities in any resistance \ ilue are 
ivailable without delay. Gulton In 
dustries, Inc., Metuchen, N. | 
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INDICATORS AND 
TESTERS 


FLAT BED PLOTTER features 
high speed response. 


Ihe X-Y recorder shown above us« 
34-by-ll-in. chart paper for flat bed 
presentation. Full scale pen speed i 
4 sec. Eleven scale ranges run from 





5 millivolts to 500 v full ile. In 
put impedan ( 200,000 ohms per 
olt. Electro Instruments, Inc., 3794 
Rosecrans, San Diego 10, Calif 
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SIMPLE RIG for measuring 
static torque of motors. 


These Dillon people ire loaded with 
interesting ap yications for their dy 
. 1 
nometer. ‘The photo above shows how 
you can measure the stati torque of 
1 motor with a minimum of bother 
W. ( Dillon & Co.. In 14620 Kes 

wick St.. Van Nuys, Calif 
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VACUUM-TUBE voitmeter 
measures pulse height. 


Th istrument above has the 
unique function of measuring the 
implitud if pulses regardl if thei 

is to within 2 per 
i] ind ding ir inde 
pendent of widths of from 0.01 micro 
ec upward. Ranges of 0 to 10, 30, 
ind 100 ] ottered Ihe PV-812 
Pulse Height Vacuum-Tube Voltmeter 
pro ided with a 5-in. meter and 
knife-edge point and mirror scale 
Ielevision Accessories Co., 1412 Great 
Northern Bldg., Chicago 4, II] 
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GLE 


icroflex Reset Timer 


FOR 
MACHINE 
AND PROCESS 
CONTROL 


Insures “20-to-1 ratio’ accuracy 


Time settings of pinpoint accuracy are a reality, thanks to the Microflex 
double dial. It takes one complete turn of the inner dial to advance the 
outer dial just one division. That’s a 20-to-1] ratio, made possible by the 
patented Microflex threaded axle and pinion (see sketch). Examples 
of resultant accuracies are + 1/60 of a second on a 20-second dial, and 
+ 1/10 of a second on a 120-second dial. 720 


The Microflex Reset Timer is driven by 

a heavy-duty industrial synchronous 

motor. Contacts are tripped closed or 

open after a preset time interval. Start- 

ing and resetting are electrically con 

trolled. Microflex offers over 150 timer operating combinations, plus 
a wide range of long or short time periods. It’s ideal for applications 
like molding presses, dielectric heating, automatic mixing, die casting 
machines, machine tools and rubber curing 


Write for free Automation Booklet and Bulletin 110 


MAIL COUPON TODAY 


EAGLE SIGNAL CORPORATION 
industrial Timers Division, Dept. CE-156 
MOLINE, ILLINOIS 


Please send free A n Booklet and Bulletia 
110 containing complete ata on Microflen Keset 


Timers. 


NAME AND TITLE 


COMPANY 


ADORE 


city 
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ACTUAL SIZE i. 


UP TO 100 K TELEMETER receiver designed 


for pane! mounting. 











I'he indicator ab 


pearance to thi 


pneumati ignal 


pulse ath mformati 


fi / ) ! 
Bristol Nictamete t | terimg s\ 
‘ tem Strip-chart record vell ; 
dial indicators come in th 1. SQ SIZ 
I'he Bristol Co., Waterbu \ Come 


Circle No. 16 on reply card 


ELECTRONIC BALANCING MA 
CHIN] \ nachin tihed 1 


I 1250 dynam 
peed rotating clen 
. . . . ca . , to 700 y} 1) 
Now You CAN specify a Waters pot for your miniaturized designs yal ae 
: 4 7 . ) I ( I iss 
that require SOK and 100K potentiometers. In the reliability-proved siege ee 


ent \ trob ms( 
construction of the AP-'’2, these new, higher values give you: snail fe hncake 
OLiCe oO locat ie 


* Resistances — 10 ohms to 100 kilohms | Se Section 


: ’ 10589 Dupont Ave l¢ land 
*® Ganging — up to four units Ohio 


Three mounting styles — plain-bushing, | Circle No. 17 on reply card 
split-bushing, or servo 
Three terminal styles — radial, axial, 
or wire-lead 
*® Automation models — for printed circuits 
e Encapsulated designs available 


General specifications: Centerless-ground, stainless-steel shaft can 
be sealed with O-ring; gold-plated, fork-type terminals; 2% standard 
linearity for SOK and 100K 5% for lower values; temperature 
range —55 to + 105C, to 125C on order; 2 watts at 80C; anodized 
aluminum body 42” diameter ¥2”" long Ya” long for LOOK; 
corrosion-resistant-alloy bushing; all electrical connections spot- 
welded or soldered; can be furnished with stops or for. continuous 
rotation 


Write for your copy of our new data sheet giving useful 
information on these compact, dependable potentiometers. A COMPARISON BRIDGE for 


phase shift, reactance. 


WATERS MANUFACTURING, inc. 


, ' irimneo ti 
\f j id r measuring rhe 
dance nd phase hift 
istive ind ipacit 
to within 


106 CONTROL ENGINEERING 








Hewerl sian IN THE 


ELECTRONIC GALAXY 


Haydu's 10 digit in-line numerical indicator! 


SOME TYPICAL 

Small, electronic indicating tube uses the direct read-out method 
ra LJ > a — which clearly displays the digits at top surface of tube. This method 
APPLICATIONS assures the highest readability from a wide angle speeds work 


reduces errors, cuts costs in hundreds of diversified applications 


. DIGITAL VOLTMETERS 
. COUNTERS 


. CALCULATORS NOTE THESE OUTSTANDING ADVANTAGES - 
. ALTIMETERS 


. RADAR Uses standard sockets 

. DIAL SYSTEMS Vivid numbers for highest visibility 
REMOTE POSITION aahartengghes se 

; Operates directly off Beam Switching 
INDICATORS f 


Tubes or any voltage source 


Small, simple plug-in tube 


Radical Simplification of circuitry 
Long life 
Rugged construction 


Write to Haydu Tube Division, Dept. 10, Plainfield, N. J., 


for complete information on your applications 


SHAYDU 


BROTHERS OF NEW JERSEY 
PLAINFIELD, NEW JERSEY 
SUBSIDIARY OF BURROUGHS CORPORATION +) 





Engineered for 


tomorrow’s needs...today... 


al 


a 
. 


NORDEN-KETAY OFFERS YOU DIRECT 
ANALOG-TO-DIGITAL CONVERSION 
WITHOUT TRANSFORMATION 


Combining accuracy with compact design, 
Norden-Ketay'’s ADC-1A family of Analog-To-Digital 
Converters provides you with unambiguous natural 
binary output. All digits are available nearly 
simultaneously...allowing a high reading rate and may 
be read while the shaft is in motion. Both the binary 
number and its complement are available, simultaneously. 
RAPID READOUT—up to 10° per second 

PARALLEL READOUT—greatly simplifies external circuitry. 
COMPACT DESIGN—engineered for minimum size and weight. 
inpuT—DC or pulse voltages. 

LOW ToRQqUE—less than 0.2 inch ounces to turn input shaft 
LOW INERTIA—approximately 9 gram centimeters’. 
CLOCKWISE OR COUNTER CLOCKWISE OPERATION—either is possible 
by selection of appropriate output leads. 

AVAILABLE IN ANY CAPACITY TO 19 DIGITS—other capacities 
available on special order 

For full details write for File #121. 


NORDEN-KETAY (CORPORATION 


INSTRUMENT AND SYSTEMS DIVISION 
Wiley Street, Milford, Connecticut 


INDICATING PRECISION PRESSURE GAGES + EMOTE INDICATING DEVICES + ANALOG DIGITAL CONVERTERS 
PRESCURE TRAMSOUCERS + ELECTROMECHANICAL CONTROL SYSTEMS + AIRBORHE RADAR SHIPBOARS LIME CONTROL EQUIPMENT 


AIRCRAFT FUEL FLOW INSTRUMENTATION ~ ACCELEeOMmETERS 


108 CONTROL ENGINEERING 


NEW PRODUCTS 


claimed, The resistance range go 
to 20 megohms. It contains a two 
tage detector and an 
abling operation between 
and 10 kilocycles with suitable plug-in 
networks. Null indications are pro 
vided by an electronic eye. Electro 
Vicasurements, Inc., 4312 S. Ee. Stark 
St., Portland 15, Ore 

Circle No. 18 on reply card 


MOTOR LOAD directly shown 
as per cent of maximum. 


his indicator, calibrated in pet 
centage of motor load, doe 1 more 
direct job when used with machine 
tools than the conventional ammeter 
lhe highly damped instrument elimi 
nates needle waver due to vibration o1 
minor load changes. Dual voltage 
units are adjustable for operation on 
cither 220 or 440 v systems. Machinery 
Electrification, Inc., Dept. SRR, 

Northboro, Mass 
Circle No. 49 on reply card 


SPECTROSCOPIC analysis 
with simple instrument. 


Spectroscopic analysis of gaseous or 
chemical constituents by emission, 
transmission, or absorption can be per 
formed by non-technical personnel 
with the simple dial and meter ar 
rangement shown above. Narrow-band 
infrared, ultra-violet, or visible filters 
can be handled. Axler Associates, Inc., 
102-42 43rd Ave., Corona, N. Y. 

Circle No. 20 on reply card 





INDIANA 
PERMANENT MAGNET 


DESIGN INFORMATION 


HOW TO MAGNETIZE 
PERMANENT MAGNETS 





MAGNETIZER 


MAGNET POLE PIECES 


ASSEMBLY 





An assembly consisting of a bar-type 
magnet and soft-steel pole pieces 
should be placed with the magnet be- 
tween the magnetizer pole pieces as 
shown in Fig. 1-B. Positioning the as- 
sembly as shown in Fig. 1-C will not 
fully saturate the magnet 

“U” shaped magnets and assemblies 
should be positioned as shown in Fig 
2, with the tapered ends of the mag 
netizer pole pieces used toward the 
gap. A meter or separator assembly 
would be placed on the magnetizer as 
shown in Fig. 2-B 


published for industrial and 











Magnetizing permanent magnets aft- 
er assembly into the product offers sev- 
eral advantages. Higher field strengths 
are obtainable. The magnetic field pro- 
duced in a loudspeaker, for example, 
using an Alnico V permanent magnet 
that has been magnetized after assem- 
bly, is about three times as great as the 
field obtained when the same magnet is 
magnetized before assembly. 

The unmagnetized magnets are eas- 
ier to handle and to assemble with 
other parts of the assembly. There 
is less contamination due to pick-up 
of magnetic particles. 

Magnetizing after assembly is also 
advantageous in such applications as 
watt hour meters, polarized relays, and 
permanent magnet motors. 


Using the Magretizer 

Most commonly used magnets are 
of simple bar or “U” shapes, which 
may be magnetized with an electro- 
magnetic magnetizer in the user’s plant. 

Fig. 1-A shows how a bar magnet 
should be positioned between the mag- 
netizer’s pole pieces. The square ends 
of the pole pieces are used toward the 
gap. The space between the pole pieces 
is adjusted so the magnet can be easily 
inserted and removed. Normally, only 
one to two seconds are required to fully 
magnetize the magnet. 


THE INDIANA 
Valparaiso, Indiana 


WORLD'S LARGEST MANUFACTURER OF PERMANENT MAGNETS 


MAGNET 


— MAONETIZER 
POLE PIECES 


} 


a 


‘ 


ASSEMBLY 











When a “U” shaped magnet is tall or 
larger than the generally accepted set 
ting of the magnetizer, the field pro- 
duced at point “X” (see Fig. 2-C) may 
not be sufficient to saturate the mag 
net. In this case there are two accept 
able methods of magnetization. One is 
to place the magnet with its side on the 
pole pieces as shown in Fig. 2-D. This 
allows the yoke of the magnet to be 
come magnetized. The magnet is then 
raised to the position in Fig. 2-C and 
again magnetized : 

The other procedure is to stand the 
magnet on the magnetizer pole pieces 
with one or two steel blocks against 
each of its legs as shown in Fig. 2-1 
The magnet (or assembly) is then 
magnetized three times: first, with both 
pairs of blocks in place; second, with 


STEEL PRODUCTS COMPANY 


onsumel 


product engineers and designers 


blocks (a) removed; and third, with 
blocks (b) also removed 

For a complete discussion of how to 
magnetize permanent magnets by the 
electro-magnetic method, write for a 


copy of Applied Magnetics, Vol. 2, No 3. 


Chesterfield? 


Cigarette manutacturers invest a great 
deal of time and money to bring you 
the best smoke possible 

Chesterfield is no exception and 
strangely enough, behind some of their 
recent efforts is an Indiana Permanent 
Magnet. You've probably read dozens 
of ads which say, “Chesterfield made 
the modern way with AccuRay 

AccuRay is a machine, made by In 
dustrial Nucleon that checks 
and controls the making of Chester 
fields. One of the basic parts of this 


( orp 


machine is 4 contact meter-relay, man 
ufactured by Assembly Products, In 
And the heurt of this relay is an Indi 
ana Hyflux Alnico V magnet! 


Report on Indox I 

Ceramic Permanent Magnets 

This recently 
technical bulletin 
Permanent Magnets 
to be considered during design calcula 
tions, and dis es possibilities for 
new applications or improvements of 
existing ones 


published four page 
Indox | Ceramic 
suggests factors 


Also discussed are some 30 repre 
sentative size ind hapes available in 
sample quantities for immediate ship 
ment. Ask for price 


15-P-1 


list and ¢ atalog 
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How helpful to a busy engineer is 
that sooner-than-expected report: 
“We've found the trouble!”’, “We 


can ship Friday!” or “I'm flying 


MICROSEC DELAYS 


the prints out tonight!”. Phillips 
accurately generated. 


customers are used to that help 
Duration of waveform pulse 
widths, delay characteristics of oscillo 
ing skill* and personal attention, graph amplifiers, and other time-basis 
We call it the Phillips Plan. To enjoy ") ver in be me 1 ured with the 
1d O e time delay gencrator hown 

that extra service, write us, or ibove Vhe l'ype 326 has three over 


a unique combination of engineer- 


lapping ranges from 1.5 microsec to 
10,000 microsec. Low impedance of 
trigger output minimizes loading effect 
*FOR EXAMPLE: of equipment triggered. Its output i 


two pulse s, one delayed. ‘The delayed 


call your local man from Phillips. 


Phillips Engineered Relays 
; output triggering pul ha 
are used by the aircraft minimum and a rise time 


industry in automatic fire microsec with a width, at 50 | 


control equipment, and of maximum, of 0.5 microse: 


B. Du Mont Laboratories, In 
Bloomfield Ave., Clifton, N. ] 
Circle No. 24 on reply 


in propellor synchronizers 


for multi-engine planes. 


20493 TYPE 4 Hermet- 
ically-sealed miniature 
relay. Three stud mounting, 
maximum 14 pins, solder 
terminals. O.D. 1°4"H «x 

Qi "Lh a te W, 


TYPE 33BQA/ TYPE 
1IBAC all-purpose 
power relay, five pole 
O.D. 2'4"L « 2°W x 
2°" 


20445 TYPE 270A 
Hermetically-sealed power 


rel f | Ff *,* 
a+ pee Lng Ving SPEED INDICATOR sensitive 
Qe "W x 2h x 394°H . = 
to small rpm variations. 
[ ( ot the W ton | re ju ney Re 
sponsive system allows the machine 
shown above to detect motor speed 


MULTI-CONTACT, POWER, HERMETICALLY SEALED RELAYS ACTUATORS changes in automatically regulated 
tems. A tachometer indicator is pro 


| vided to give visual indication of the 
full peed range Speed hang " 


PHILLIPS CONTROL CORPORATION . . . JOLIET, ILLINOIS 


SALES OFFICES: NEW YORK «~ PHILADELPHIA - BUFFALO SAN FRANCISCO DENVER 
SANTA MONICA + ATLANTA «+ DETROIT - CLEVELAND - DALLAS - SEATTLE 





NEW PR 
paserers COMPARISON PROVES... 


CONOFLOW AIRPAK 


FILTER-REGULATOR 
Weston E] rical Instrument ( Pp. 


ache ie tee LEADS the FIELD 


i in 
Circle No. 22 on reply card DESIGN 


PERFORMANCE 


LONG LIFE OPERATION 
DC AMPLIFIER uses chopper 
for stabilization. 


mall as 3 o nt will be indi 
cated fo high a 50,000 rpm 
Lack of vacuum tubes mean 
tenance-free operatior 1 


ain 


i¢ Than 


po 


The Conoflow Airpak is a moderately priced combi- 
nation reducing-relief type regulator and air filter 
It is used with pneumatic controllers and in 
other services requiring clean, 
regulated pressure. The Airpak surpasses all other 
filter-regulators in its price range for 
compactness and all-around ruggedness 
comparison charts beiow 


—- 


-- , 
ey 
7 . % 


soe presse 

many 

& filtered air at a 
. om 


efficiency, 
Check the 





CONOFLOW AIRPAK PERFORMS 
WITH 6 MAXIMUM DEVIATION 


DROOP CURVES 


Smooth performing instruments demand a con 
stant regulated air supply. The flat droop curve 
of the Airpak proves its superiority over two 
other name brand units 


SET PRESSURE PS) 











tabilized di 
provides rf than 
40 hi Lh 
complished through a 
tabilization = circuit—anc 


2 ee DESIGN COMPARISON CHART 


maker 


Lhe h yppel 
nel hown her 
mv drift through 


says this is a 


ampli 


Conoflow 
Model FH-20 Airpak 


Filter 
Regulator A 


Filter 


Regulator "8 
choppe I 


with me than microvolts, 
band 
rovolts rms for 750 
ind | than 12 
volts rms for 50 ke band. Gain r 
mains constant to within 3 db 
dc to 30 } Output I 

1,000 ohm load, with linearity 
than 0.1 per cent. Mor 
on the amplifier is 


Model 110d 
Box |t 


peak to peak at input rf 
less than 5 mi 
cevcle band mucro 
from 
vith a 
better 
information 
vail 
ible from Kay Lab San Diego 
12. Calif 


Circle No. 23 on reply card 


LOW PRICED and small sized, 
recorder is portable. 


Ihe portable recordet hown 


hid I Hid ( OV TIC bit 





1. Number of Outlets for 
multiple connections 


2. Filter Thickness 


3. inner Valve 


4. Dripweil Capacity 


5. Assembly 


The Airpak gives longer, trouble-free service because of its : 
including forged brass and stainless steel inner valve, assuring + 
to corrosion and erosion. The larger filter and dripwell provide extended depend 


able operation without servicing. A standard screw driver is all that is required for 





3 


%"’ 
Polished Stainless Steel 
— Guided 


9-27 cv. in 
(variable) 


Standard Screw Driver 
only tool required 


"% 


Rubber Coated Brass 
Not Guided 


6 w. in 
(net variable 


Phillips Screw Driver 
and Allen Wrench 
1 bolt 





quick, easy teardown because of the Airpak's unique, sin 


Make your own comparison and you will see why companies 


many others have learned to rely on the Conoflow Airpak 


WRITE FOR BULLETIN H-2 CONOFLOW PNEUMATIC REGULATORS 





aximum resistance 


ike duPont, Leeds & 
Northrup, Bristol, Honeywell, Sheffield, Builders lron Foundry, M 


Rubber Coated Brass 
Guided 


4 «. in 
(net variable 


Standard Screw Driver 
and Allen Wrench 
(4 belts) 


3ged construction 


bolt construction 


W. Kellogg and 


C-600 
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2100 Arch 


s§ Manut fyurers 


Street 


JANUARY 
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Philadelphia 3, Pa 
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VAREC 


ia 2300: 











AUTOMATIC TANK GAUGE 





Service in working pressures to 300 p.s.i.g. is offered by the 
new VAREC Figure 2500C Automatic Tank Gauge. It's a high 
pressure model of the successful VAREC Figure 2500 Series, 
equipped with the Neg’ ator motor, which eliminates use of counter 
weight and simplifies installation. This series has been tested by 
3 years of service in the Petroleum and Chemical fields, after 
2 years of experimental and development work 

An important part of this new model is the magnetic drive, 
which requires no packing gland or mechanical seal on rotating 
shaft. The use of stainless steel ball bearing construction through 
out provides a combination that reduces friction to a minimum 

Liquid level indication on a mechanical counter and dial for 
convenient, casy reading. Components are enclosed in a separate 
compartment to keep tank vapors from fogging dial. Operation 
checker is standard equipment 

Like the low pressure series Figure 2500 gauges, addition of 

remote gauger transmitter or control de- 
vices is a simple field installation, It is not 
necessary to remove the gauge head or 


disturb the original installation in any way 


VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street 
Compton 1, California 


Cable address: VAREC COMPTON Calif. (U.S.A.) Ail Codes 


112 CONTROL ENGINEERING 


NEW PRODUCTS 


pen speed 4 sec for full 

the 5 in. wide chart. It | icd inte 
two cases, weighing 25 lb all told. and 
operates on control signals in_ th 
millivolt range. Machine Products & 
Engineering Co., Div. of Welltab 
Inc., 1713 Yale Blvd., S.E., Albuquer 
que, NX Mex 


Circle No. 24 on reply card 


RADIATION MONITOR: A _ nev 
area monitor, intended for use around 
reactors, records gamma and _ beta 
radiation separately on a st 

recorder. A variety of 

wailable in the drift-stabiliz 

chine. Trott Electronics Cc 

ham St., Rochester: N. ¥ 


Circle No. 25 on reply card 


CONTROL VALVES 


SOLENOID VALVE has three 
packless parts. 


Shown outside the de 
three-way solenoid-operates 
its three moving parts. It 
cycles per min It easil: 
normally open or norma losed 
eration and is said to handle liqui 
or gases without leakage. Pip 
of 2 or 4 in. are accommodated hi 
ther ac or de coils are available. ‘The 
unit can be completely cleaned and 
its parts replaced without removing 
the whole valve from its pipe lin 
Automatic Switch Co., 391 Lakesid 
Ave., Orange, N. | 


Circle No. 26 on reply card 





RCA “Special Reds” provide that extra “life-line” you need in industrial electronic 
equipment, air, marine, and land-mobile communications, and unattended relay 
and transmission circuits—that extra margin of safety and dependability that 
keeps things going! 

RCA “Special Reds” feature remarkable stability, excellent resistance to shock 
and vibration, exceptional uniformity of characteristics from tube to tuhe—and 
are backed by RCA for 10,000 hours minimum life! 

RCA “Special Reds” are recommended for initial designs in industrial ele 
tronic equipment. They are excellent as replacements in existing circuits where 
there is a prototype operating under conditions within the ratings of the 
Reds.” 

CONTACT YOUR LOCAL RCA TUBE DISTRIBUTOR TODAY. Ask for 
your free copy of the booklet "RCA Receiving Type Lubes for Industry and 
Communications” (form RIT-1 


v 


Special 


RCA-5690 — Full-Wave Vac 
uum Rectifier with separate 
heaters and cathodes. 


RCA-5691 —High-Mu Twin 
Similar to the RCA 


but has twice the 


Triode 
6Sl 7 GT 


heater current 


RCA-5692.Medium-Myu 


Twin Triode. Similar to the 


RCA-6SN7-GTB 


RCA-5693 —Sharp-Cutoff 
Pentode 


= emg fe), maa 8) -j -) 


RADIO CORPORATION OF AMERICA 
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The “Ceramo” thermocouples to be used to measure temperatures for 
evaluation of efficiency and safety of the “Seawolf's* atomic reactors 
have Stainless Steel sheaths and Chromel-Alumel thermocouple wires 


| ed 
© 


| 7HERMOCOUPLES WILL BE 

t- | USED TO CHECK REACTOR 

TEMPERATURES ON ATOMIC 
SUB "SEAWOLF.” 





Z 


Where the conditions are the toughest— where heat, corrosion 
and radiation have made it difficult to write a specification— 
you can depend on finding “Ceramo” thermocouples. The 
“Ceramo” sensing element of this new Thermo Electric thermo- 
couple consists of a metal sheath, protecting two thermocouple 





aa eee ae meaanensenene ee ene ee eee eee ee ee eee 


ese eeee 
LRARARAS 


wire conductors which are separated and firmly fixed in place 
by ceramic insulation. 


~ssesaes 
PBRRSSBAS 


Although this thermocouple is rugged enough to stand pressures 
of several thousand p.s.i. and temperatures to 1600° F., it may 
be bent to any configuration. “Ceramo” thermocouple extension 
wire is also available, in all standard thermocouple materials 
. «comes in sizes from 1/16"' to 1/4" diameter. 





i 


Get all the latest information on these 
new metal-clad, ceramic-insulated 
wires and thermocouples. = 
Write for Bulletin 31-300-B. 


— 
v/v 


- 
s° 

, 
rt 
ee’ 
ae’ 
a’ 
e? 
a 
a’ 
a? 
e’ 
eo’ 
oe’ 
oe’ 
«’ 
ae’ 
ee’ 
ao’ 
a! 
e’ 
e’ 
gs? 
a? 
a’ 

’ 
+ 
a’ 
a’ 
e’ 
rh 
a’ 
a’ 
ge! 
eo 
a’ 
es’ 

) 
tt 

’ 
ei 

’ 
op 
e' 

’ 
ei 
e’ 
a’ 
a’ 
a’ 

’ 
Ht 





= 


*Photo Courtesy Electric Boat Division of General Dynamics Corp. and U.S. Novy 





Pyrometers * Temperature Monitoring Systems * Thermocouples * Protection Tubes 
Quick-Coupling Connectors and Panels * Thermocouple and Extension Wires 


Thermo Electric 6.ic | 


Rochelle Park Post Office, SADDLE BROOK, NEW JERSEY Fp 
IN CANADA—THERMO ELECTRIC (Canada) Ltd., BRAMPTON, ONTARIO (0) 
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SOLENOID-TRIPPED valve is 
a pressure regulator. 


Wide variations in air pressure o1 
temperature have little effect on th 
performance of this pressure | gulat 
ng vals It holds downstream an 
pressure constant by means of a pilot 
operated main valve. A solenoid bleed 

ilve overrides the operation of the 
piston pilot to close the main 
which is of the globe type 
unusually high temperatur 
deg I inlet plus 500 deg ambie 
Hydro-Aire, In 3000 Winona Ave 
Burbank, Calif 

Circle No. 27 on reply card 


SOLENOID VALVE LINE: Con 
forming to JIC standards is a line of 
solenoid valves that are inoperabl 
when their covers are removed and 
that can be manually operated other 
WISC Pipe sizes accommodated ar 
}. 2, and 4 in. Automatic Valve Co 
37415 Grand River, Farmington 
Mich 

Circle No. 28 on reply cord 


VALVE ACTUATOR “fails safe”’ 
because of double chamber. 


Ihe valve actuator above features 
fail safe” operation. If the operating 
lir or gas pressure fails, the device will 

+ + 


return the valve it controls to a set 
position. This action is a nplished 





thro chainb« 
cparated by a diaphragm Lhe dia 
phragm provides the means for mor 
ing the actuation rod lhe 
hamber umulates pressure from 
the first to force the diaphragm to it 
tarting position, should the pressure 
fail. Required pressure is from 15 to 
100 Ib Be ttis ¢ OIp., 320 Pt) 66th St. 
Houston, ‘Tex 


Circle No. 29 on reply card 


HECK VALVI new pilot-op 
crated check live for use with ¢-in 
piping im industrial oil-hydraulic s 
tems utilize pring-cl | poppet type 
construction These valve in b 
used to flow in a given direction un 
til opened by a remotely controll 
pilot pressure Ihe rated ipacity f 
th hnew + CG-035 lin 1S gpin 
I hi tor tems with line pre 
ure ol ip to UUU psi Ih pilot 
pressure required is greater than tO px 
cent of the system pressure. Vickers 


Inc., Detroit 32, Mich 
Circle No. 30 on reply card 


PULSE PRODUCTS 


DIRECT READING counter dial 
indicates up to 100 turns. 


Plain to c, the dial above provide 
cdirect-reading case in identifying the 
po ition of multi-tu 
haft It aftord ing to YY 
vith up to 100 turns and is 1} in 
deep b t diam. Amerac, In Ll¢ 


lopsfield Rd., Wenham, Ma 
Circle No. 31 on reply card 


pot nthiomet 


PNEUMATIC OSCILLATOR \ 
new pneumatic square wave generator 
is said to contain no moving part 
It is adjustable through a frequen 
range of from 3 to 50 cycles per min 
Output amplitud in be from 0 to 


st) psi ind top freques or 300 


I 


To tit numerous applications, 


The instrument you 


read 
sy 


& ww te; 


ra 
GAGE PRESSURE 


ACCELEROMETER 


A Bons LABORATORIES 


JANUARY 1956 115 





tion 

Medel 902 Magnetic Tape Handler treats the tape 
gently while providing a start/stop time of 5-milli- 
seconds. Fully reversible without stopping 


Model 903 Perforated Tape 
Reader provides a 5 millisecond 
start time and stops on the 
character at 300 characters per 
second and on the character 
following a stop code at 600 
characters per second, 


The Potter Digital Magnetic Head 
eliminates ‘digit drop-outs’ due 
to oxide collection. Phosphor 
bronze head mount provides 
close tolerances insuring com 
plete interchangeability of tape 
from one machine to another 


ww 
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headquarters for 
digital magnetic 
and perforated 
tape handlers 


Whether your data processing requirements call 
for perforated or magnetic tape handling, Potter 
offers a complete line of high-speed equipment to 
meet your needs . for either intermittent or 
continuous playback with speeds of up to 60 inches 
per second and start/stop times of less than 
5-milliseconds! 


Servo-controlied tape drives permit fast starts and 
stops without tearing or spilling tapes. At 30 
inches/second speed, less than %” of tape is 
consumed in a start/stop cycle! 


For complete specifications on Perforated Tape 
Readers, Magnetic Tape Handlers and Digital Mag- 
netic Recording and Playback Heads, write TODAY: 


POTTER INSTRUMENT CO., INC. 
115 Cutter Mill Read 
Great Neck, New York 


NEW PRODUCTS 
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REMOTE temperature reading 
system uses pulse coding. 


\ remote temperature reading 
called the ST-8900 can operat 
vherever conventional communica 
facilitie Here’s how the 
remote transmitting station, shown 
ifter tart 
or command readout pulse from the 
| irst, 1 crit of 
begin the temperature r 
Next, the station t 
| pulse equence to identifi 

Phen, a ries of pulse 1 
ndi¢ the 


non exist 


DOV perates receiving a 


receiving station 
pulse iding 
proce insmiut 
itself 
1 dire t 
to the 


pan olf 


ition of temperature 
The normal 
0 deg I’, but the t 
measurement may be a 
is 500 deg I Broader 
ichieved by a proportional lower a 


Shand « Jurs Co., Berkeley 


nearest degre 
| 
reading 18 | yp fem 
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Circle No. 33 on reply card 


NEW SCALER 


nev IX cee ice 


You can 
counter at an 
interval 


lion « 


ranging from 100 
ount It can be set 
hing the yroset 
n 100 to 


ley 

Ciadp 
100.000 

rate go up to 60,000 » In 
ind input circuit 


pul e height di 


lution is 5 microsec, 
nclude 15 to 50 \ 
criminator. 


34-0] th 
Me: ts 


American Tradair Corp 
St., Long Island City ¢ 


Circle No. 34 on reply card 





for accurate, reliable 


automatic control 





v 
NOW... 


Vickers complete Magnetic Amplifier Systems | | 
cle velope d to meet the need for reliable and accurate con 
trol in today s rapidly ( xpanding field of automatic control 


in industry 


FIRST to Produce 


In addition to custom design systems for parti ular com 


plex appli ations, Vickers offers a complete line of stand 


Commercially-Available ard magnetic amplifiers from milliwatts to 50 kilowatts 


lor your automatic control needs, Vickers’ full resources, 


Magnetic Amplifiers including special engineering skills and years of practical 
experience, are available to assist you in the solution to 


your problems. 


VICKERS ELECTRIC DIVISION 
Vickers '°< a unit of Sperry Rand Corporation 


1805 LOCUST STREET © SAINT LOUIS 3, MISSOURI 
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|| take pictures of objects 
record pertinent data 


simultaneously. 


/ 


automatically. 


(ON ONE 
4 FRAME 





| 
TALLER « COOPER's 


automatic 


Automatic classifying and recording has 
been revolutionized by the Taller & 
Cooper Automatic Camera, It takes two 


pictures at once, One of the object to be 


recorded, and one of pertinent data such 
as date and time, material identification 
pressure, or any other data that can 

be inscribed on digital counters 


Activated remotely, the film auto 
matically advances to the next frame on 
completion of picture. Utilizing 16 
mm film on 400 foot reels, this camera 
offers continuous 24 hour service. 


With the Taller & Cooper Automatic 
Camera, you are assured clear photos 
by means of an automatic iris which 
adjusts itself to varying light conditions 


Fan and heating units are incorporated 
in this unit when used under extreme 
temperature variations 


Write for Bulletin 
No. 507 and full details 


TALLER & COOPER, INC. 


ENGINEERS * MANUFACTURERS 
75 Front St., Brooklyn 1, N. Y. 
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CAMERA 


APPLICATIONS UNLIMITED 


@ Time Study Analyses @ Photo 
graphic Oscilloscope Readings 

@ Statistical Surveys @ Identification 
of vehicles, freight cars, airplanes, 

etc. @ Document Identification 

@ Identification of metallurgical, and 
chemical reaction at various tem 
peratures and pressures 


@ Fraud Detection 





@ CONTROL cay eent 
SYSTEMS 


@ DIGITAL qouravene 

@ TOLL COLLECTION SYSTEMS 
@ WIND TUNNEL 
INSTRUMENTATION 

@ SPECIAL PURPOSE PRINTERS 
& INSTRUMENTATION 

@ CHEMICAL ANALYZERS & 
CONTROL EQUIPMENT 





NEW PRODUCTS 


AN-DIG converter line has 
all types of coded discs. 


A line of the anal yg ft 
erter imilar to the 
vailable with either 

or imcremental coding 
binary and decimal form 
mental coded type i 
torque a iow as 0.0] 
moment of imertia as low 
cm Wang Laboratori« 
Hurley St., Cambridge, Ma 


Circle No. 35 on reply card 


PULSE AMPLIFIER: A new linea 
pulse implifier ine lid 1 i rulate | 
powel upply, an amplitud 
inator and three high speed 
ountel Its resolving time 
MICTOSCE maximum input ite 

000 counts per sec. North American 
Philips Co.. Inc.. 750 S. Fulton Ave 
M[t. Vernon, N. Y 


Circle No. 36 on reply card 


RELAYS & SWITCHES 


FREQUENCY OPERATED relays 
make multiplexing easy. 


A new scric St IR Ire 
quency-operated relays operate in fr 
quencies ranging from 40 to 170 
with a 400 ohm | 
maximum of ten relay 
rately operated by appropriate control 
tones on a single circuit. Potter @& 


> 


Brumfield, Princeton, Ind 


Circle No. 37 on reply card 





STEPLESS 
CAPACITY- BALANCING 


ELIMINATES 
SLIDEWIRE 
MAINTENANCE 


There's no need to put up with worn slide- 
wires and sticking electrical contacts no 
need to periodically clean and lubricate bal 
ancing motors. DY NALOG design eliminates 
all this! Its simple variable capacitor and 
positive magnetic drive provide continuous 
stepless balancing never require attention! 

DY NALOG's friction-free action provides 
high speed of response without wear. (There 


are only five moving parts, including the 
*Reg. U.S. Pat. Off 


ELECTRONIC 


recording pen!) Sensitivity, unlimited by 
100 of 19%. 
And accuracy is a sustained 1/4 of 1% 

DY NALOG Instruments are available for 


use with resistance, voltage, Capacity, or in 


turns of slidewire winding, is | 


ductive type primary elements to measure 
and/or control any process variable with 
Write for Bulletin 
Norfolk 


unmatched smoothness 
427. The Foxboro (¢ ompany, 361 
Ave., Foxboro, Mass., U.S.A 


OXBOR 


*Keg. US. Pat. Off 


INSTRUMENTS 
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NEW PRODUCTS 


HEAVY LOAD MINIATURE RI 
LAY Contacts rated up to 20 amp 


I 
ire featured in a walnut-sized rel 
recently offered. Minimum 
erating power is 4 watt. Cont 
rangement 1 ingle pol ! ‘ 
Vilagnecraft Electric Co \ 
Crand Ave.. Chicago 51, I 


Circle No. 38 on reply card 


SENSITIVE RELAY carries its 


RESISTANCE THERMOMETER ELEMENTS own built-on araplifier. 


For Quick, Low-Cost. 2 2: 


hown above ec’ l 
SURFACE TEMPERATURE 


ampliher on the back of th 
Lhe result is current ampli 


MEASUREMENT and CONTROL the order of 10 million to one 


power is less than 0.00011 


vhil thie output in rand 
RdF Stikons bond easily to practically AVY surfaceeANYWHERE 1.150 watts. Ordinary 11 
A 


— perate the cold-cathode tube 
which draws no power in the 
ae of a control signal. Operating 


\ ae oy. ~ is about 50 miullise Lhe ci 
a | potted. Industrial [Electron 
ste ' WwW Inc., Hanover, Mass 


5 en foe Ps ij3 Circle No. 39 on reply card 
Cylindrical Surfaces in the Hard-To-Reach Flat Sur- 

‘ood, Chemical, and Pe- faces Inside 
troleum Processing Indus Heat 
tries, utilizing existing in- 
stallations 


Rounded Surfaces on En- 
Ducts and ine Cowls in the Aircraft 


Exchangers in the ndustry with minimum IMPULSI COUN] SWITCH 
Aircraft, Automotive, and obstruction to airflow. ’ { ae 
Chemical Industries with- When it’s used as part of a machin 
Of ( \ r¢ t unt 
the fluids. tool control, a new p 


out affecting the flow of 
Used for reasearch and manufacture in all fields of temperature measure- 
ment and control, an RdF Stikon consists of a temperature-sensitive grid 
of very fine nickel wire bonded into a paper-thin wafer of flexible, insulat- experience shows is the limit 
ing material. Bonded by cement to almost any surface anywhere, an : tone tl Fasily set by a 
RdF Stikon is unaffected by shock or vibration. Its response to temperature Sven towns Es aoe ; 
change is extremely fast and amazingly accurate. The thinness of the pointer-type knob, the mnpact 


RdF Stikon (.005” to .010") opens up applications difficult or impossible tro-mechanical device steps the knol 
with other thermal-sensing elements. 


toward zero with each completed ma 
In addition to the standard RdF Stikons tabulated below, special resistance- bhi oils Dismet Site Co Molla 
thermometer elements are tailored to specific customer needs. Chine Cyt dps 5 


Il! 


can shut down an operation t 


tion after the number of 


re, Circle No. 40 on reply card 


Resistance al ~~ ‘Temperature | Water Size 
Type 70°F (ohms) Range F* Moteriol (Inches) 


BN-1 geet “to + 300° Bokelite Yxl%x.005 | ELECTRONIC SWITCH 
BN.3 50. * to +-300° Bakelite Kx % x .006 

BN.4 200. x +-300° Bakelite “an %x .006 
ave ao. = , te +180. vapor Mex 7% x 006 to 15 mec operation by a n 
PN.2 200. ° to 4+-180° Paper %x %x.006 


Ee —— a ~t0 +500 __Silicon-Gloss | “gx l%yx.010 | a = -" _— < a ind re | 
ve MIpPuwtudac if urel t 
Send for our FREE Temperature ve amy 


made to within 2 per nt. T1 

Measurement and Control Brochure life, oXugreregt> 023 m , 
punet ' , ‘ 

Today. put | megohm, and output impedance 

93 ohms lelectroni Laborator\ 

Inc.. 54 Kinkel St., Westbury, N. Y 

Circle No. 4] on reply card 
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(114) VERSATILE SCOPE EXPAN. 
DER. Laboratory for Electronics. Bulle- 
tin, 1 page. Suggests a dozen applications 
for this instrument that are above and be 
yond its prime duty: expansion of the 
range of an oscillosco 

(115) NEW DECKER LITERATURE 
Decker Aviation Corp. Six data sheets 
Cover Decker's rotor micrometer, capaci 
tance-to-analog transducer, dynamic bal- 
ancer, ionization § transducer, comparator 
micrometer, and pressure meter 

(116) ELECTRONIC TESTING. Shasta 
Div. of Beckman Instruments, Inc. Cata- 
log, 8 pp. This instrumentation line in 
cludes expanded scale voltmeters and 
frequency meters, vacuum tube voltmeters, 
oscillators, resistance bridges, power sup 
plies, wide band amplifiers, a WWV re- 
ceiver, and a decade inductor. 

(117) TEMPERATURE CONTROLS 
Burling Instrument Co. Catalog G-20, 4 
pp. These differential expansion instru- 
ments operate on the bi-metallic principle, 
though they are not strip-operated thermo- 
stats. They handle temperatures ranging 
from sub-zero to 1,800 d - 

(118) CONSULTING SERVICES. Cin- 
cinnati Research Co. Bulletin, 12 pp. 
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Describes various ways in which industries 
can use consultants, and outlines fields of 
specialization of Cincinnati Research. 
(119) ELECTRIC MOTORS. Howell 
Electric Motors Co. Bulletin N-100-R, 16 
pp. Tells about the new Series 100 motors 
whose ventilation wides 50 per 
cent more contact between cooling air and 
lamination 

(120) SYNCHRONOUS AND INDUC 
TION MOTOR. Holtzer-Cabot Divs. of 
National Pneumatic Co., Inc. Bulletin 
MO-3-5, 4 3 About a new 3-in. diam 
motor that develops efhciencies of more 
than 30 per cent. The rotor in the syn 
chronous model 18 unique 

(121) RAY PROJECTORS. The M. W. 
Kellogg Co. Booklet, 24 pp. Discusses 
sources of gamma radiation and three mod- 
els of the “Kel-Ray” projector. Ray in 
tensity and exposure guide included 

(122) PUSH-BUTTON ACTUATORS 
Micro-Switch Div. of Minneapolis-Honey- 
well Regulator Co. Data Sheet P99. De 
scribes the new Series 4MA and SMA 
switch actuator. Indicates switch actuator 
series and actuator for specific needs 
(123) TEST EQUIPMENT. Weston 
Electrical Instrument Corp. Catalog 


svstem p! 


R36A, 16 pp. The nine communication 
equipment testing instruments listed here 
include clamp voltmeters and ammeters, 
an industrial circuit tester, an electron 
tube analyzer, an oscilloscope, and a sweep 
generator. 
124) PHOTOELECTRIC PYROME 
TER. Electronics Corp. of America. Bul- 
letin PT 556, 4 pp. This photoswitch 
model responds to temperature changes of 
5 deg F without physical contact. Oxides 
scale formation, smoke, or vapors do not 
affect accuracy. 
(125) DEPOSITED CARBON RESIS 
TORS. Internationa] Resistance Co. Bul 
letin B-4a, 4 pp. Presents comprehensive 
data on tests, applications, specs, tolerance, 
ranges and dimensions 
(126) THERMOCOUPLES Revere 
Corp. of America. Engineering Bulletins 
1601, 02, 03, and 04, 14 pp. Cover de 
sign and selection of thermocouples for 
liquid, gas, and surface temperature meas 
urements 
127) ELECTRON ‘TUBES Industro 
Inc. Bulletin Al-55-IOM, 22 pp. Just 
about 1,000 tubes, arranged according to 
type, description, code, and list price, are 
catalogued here 
(128) METERS. Meter & Valve Div. of 
Rockwell Mfg. Co. Bulletin OG 409, 8 
pp. Describes a new line of all-bronze 
Rotocycle meters (bulk and tank truck 
models) for industrial use. Flow rates 
range from 20 to 500 gpm 
129) HOSE COUPLINGS. Titeflex, Inc 
Form 7-55-20, 20 pp. Describes these 
couplings’ simple construction and their 
unique swiveling action. They seal the 
line at the instant of disconnect 
130) TIME DELAY RELAYS. A’G’A 
Div. of Elastic Stop Nut Corp. Bulletin 
SD-1, 4 PP Feature here is a two-page 
election chart that matches each Agastat 
relay with its respective characteristics and 
the job it is designed to do. Fifty-eight 
models treated 
(131) FLEXIBLE SHAFT ASSEM 
BLIES. Kupfrian Mfg. Corp. Catalog 
5694, 12 pp. Presents full size illustra 
tions of representative shaft assem! ly com 
Tables list px dimet 
sions, and tolerance 
(132) CLEAN, DRY AIR. Hankison 
Corp. Bulletin M-7155, 4 pp. Discusses 
omponents and operation of “Condensi 
filters”, which condense and dry com 
pressed air at pressures up to 200 psi. A 
moisture-vapor content chart ¢ aluates wa 
ter vapor 
133) RATE OF FLOW CONTROI 
LER. Builders-Providence Div. of B-I-F 
Industries, Inc. Bulletin ¢ JOA, 4 pp 
These power-actuat an be po 
sitioned by pneumat hydraulic, or elec 
tric sources. Accura t lus or minus 
3 per cent 
134) AIR GAGING. Pratt & Whitney 
Div. of Niles-Bement-Pond Co. Circular 
586, 24 pp. Covers the Air O-Limit com 
parator, a pneumatic back-pressure gage 
that relates air clearance to part size 
(135) REACTOR SIMULATOR. Leeds 
& Northrup Co. Folder ND46-70-700(2), 
pp Tells how this machine electroni 
cally synthesizes most reactor types at a 
fraction of the cast of building and operat 
ing an actua! reactor. Photos of compo 
nents, de block diagrams included 


binations 





136) DIGITAL READOUT, Coleman 
Ingmeering C« In Technical Bulletin 
CR-179, 8 pp This “Digitizer Apph ation 
Data overs equipment used with Cole 
man's an-dig converter. Shows th gi 
tizer schematic and circuit diagrams of each 
readout system 

137) SWITCHES ANID AN ACTUA 
LOR. James Cunningham Son & Co 
In Bulletins 55-101, 55-102, and 55-111 
Discusses two new crossbar switches, one 
limited to 10 links and 10 lines, that con 
nect circuits in any combination, and a di 
clectromagnetic solenoid actuator 

138) CONTROL RELAYS. Clark Con 
troller Co. Bulletin PL 7305-PM, 8 pp 
About a new line (10 models) of sectional 
pole, heavy-duty 10-amp units with from 
two to 12 poles Can take cight poles 
without double-decking. Each pole (a set 
of NO or NC contacts is independent 
139 ACTUATOR We igh ng ( ompo 
nents, Inc. Catalog 22, one sheet. Pr 
cisely and speedily positions valves, gat 
lides, and other mechanisms electr 
hydraulically. Reaction time to an electri 
cal signal is less than 1/1,000 se 

140) SELECTOR SWITCH. Electro 
lex Corp Brochure, 4 pp. Distinction 
include miniature size, ultra-low torqut 
and precision. Available with up to II 
positions in a size 10 synchro housing. Can 
take temperatures ranging from minus 55 
to plus 100 deg. ¢ 

14] DELAY LINES Helipot Corp 
Fechnical Paper 491, 7 pp. ‘This paper 
Criteria and ‘Test Procedures for Electro 
magnetic Delay Lines’, by Helipot’s Nor 
man W. Gaw, Jr., and David Silverman, 
is the second on these Helidel device 
142) FLOWMETERS. Instruments Div 
of Scully-Jones & Co. Bulletin, one sheet 
Iwo new models feature a direct flow 
design whose flexible vane, traveling under 
flow, indicates on a calibrated scale. Model 
L. is read by a scale, Model LP by inspec 
tion of the flow 

(143) INFRARED DETECTORS. Barnes 
Engineering Co. Bulletin “Optitherm In 
frared Detectors’, one sheet. Covers char 
acteristics, construction, circuitry, and us« 
of these high sper d thermistor-ty pe sensing 
clements 

(144) VALVES AND CONTROLS. A 
sociated Valve & Enginecring Co. Catalog 
4.155. Seven sections illustrate more than 
100 products for nuclear and chemical in 
dustries. Includes capacity charts, table 
(145) OSCILLOGRAPHIC RECORD 
ING Sanborn Co Bulletin a 16 pp 
leatures of these “150” recording system 
we their basic assemblies }-, Z + 6 
or Schannels) and their interchangeabl 
preamplifiers 

146) SUBMINIATURE RELAYS. Elgin 
Neomati In Brochure } pp Elgin 
calls its “neomite”’ the world mallest pr 
cision relay and the first built in a standard 
transistor case for transistorized circuits 
147) PRINTED WIRING BOARDS 
Electronic ¢ omponent Dept. of General 
Electric Co. Brochure EP-45, 6-pg. gate 
fold. Presents layout and design data 

on base and conductor materia 

tion Characteristi md advantage 

148) SELENIUM RECTIFIERS 

fier Div. of Sarkes Tarzian, Inc. Seles 
rectifier replacement guide (R2) ar 

log 4c on the Centre Kooled SR 





NOW ...the same multi-track heads developed and manu- 
factured by Davies Laboratories for their own equipment 
are available separately for critical recording and reproducing 


applications. They alone offer these inestimably important 
advantages: 


Precisely aligned gaps 


All gaps lie between two straight lines 0.0003” apart 
assuring less than 0.3 mil total scatter 


independent track signais 
Unique design assures independence of adjacent track 
signals. Inter-track shields are continuous through the 
gap line and in contact with tape for absolute minimum 
cross-talk. 
Ultimate in tlexibility 
Gap width, nominal inductance, track spacing, and track 
width of Davies heads can all be varied to requirements 
Heads are available with up to 20 tracks per inch for 
digital recording, 14 tpi for direct and PWM recording, 
10 tpi for wide-band FM carrier recording 
Stability 
Heads are embedded in plastic and structurally designed 
to prevent change of characteristics, even under extreme 
shock, vibration, temperatures, and humidity 
Exhaustive quality control is your assurance that the charac- 
teristics you want are in the head you get. Every Davie 
magnetic head is rigorously tested against the toughest set of 
standards ever devised for this type equipment. The five 
standard series available, offering from 7 to 21 tracks per 
inch, can be modified to satisfy just about every requirement. 


Complete information on Davies multi-track magnetic data 
recording-re produc ing heads 1 prot ided in new Bulletin 55-B 
Write now for your per onal copy. 
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NEW PRODUCTS 


ROTARY 
ACTUATORS 


ADJUSTABLE SPEED CONTROI 
A range of motor speeds from 100:1 
for motors from 4 to 4 hp is claimed 
for the VS-100. Single-phase power 
supplies the completely packaged and 
plastic-sealed electronic speed control 
ler. Reliance Electric & Engineering 
Co., 1088 Ivanhoe Rd.. ¢ 
Ohio 


Circle No. 42 on reply card 


ROTARY ACTUATOR uses fluid 
or gaseous medium. 


Many jobs requirng intermittent 
rotary motion, up to 250 deg, might 
make use of thi oO lating te que 
motor. ‘The Rotamotor operates on 
ur, oil, water, or fire-re tant fluid 
mediums and is said to be leak-free 
Since speed and force exerted depend 
upon the pressure of the power mé 
dium, outputs of either ounces or tons 

po ible \ fin piece 
literature on the item i 
Roto-Mation Motors 
Riverside, St., Clair, Mi 


Circle No. 43 on reply card 


ROTARY AIR MOTOR A mew 
model rotary air moto veighing 
, delive hp iT a 
2,000 rpm on air line pressures from 
) to 90 psi. Four light vanes auto 
matically take up weal ind seal leak 
in the new motor. Gast Mfg. ¢ orp., 

Box 117 N. Benton Harbor, Mich 


Circle No. 44 on reply card 





MAGNETIC SPEED controller 
provides 50:1 range. 


Using simple magnetic circuitry, thi 
motor speed controller seen above i 
ipplicable to motors up to 14 hp Re 
ersabilit dynamic braking, smooth 
tarting, and local or remote control 
ire among the ifu of the mechan 
ism. ‘The Magne-Speed is availabk 
two sizes from Magnetic Amplifier 
Tin Tinton Ave., New York 5 
N.Y 


i 


Circle No. 45 on reply card 


ROTARY GEAR MOTORS: Appl 
itions requiring up to two hp of 
rotation may benefit from a new lin 


f fluid motor A 45:1 
is availabl is standard equipment 


John S. Barnes ¢ orp Rockford, Ill 
Circle No. 46 on reply card 


peed red ! 


POWER SOURCES 


4 3 


COMPACT SOURCE gives out 
standard voltage. 
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Avien, 58-15 Northern B 
ide 77, N. 


Circle No. 47 on reply card 
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DC-AC 
CHOPPERS 


For 60 Cycle Use 


Built to rigid 
commercial 
specifications. 


Twenty-two types, 
both single and 
double pole. 


Long life. 


Low noise level. 


Extreme reliability. 


Write for 
Catalog 370. 


STEVENS 


NCORPORATED 


2 ELKINS STREET 


SOUTH BC TON 27, MAS‘ 


j 


Borg 900 Series Micropots 


offer everything you want 


te 


oa 


Versatility 1 to 5 gang models, 
single or double shaft, servo or 
bushing mount. 


Permanent Accuracy Resistance 
element integrally molded within 
housing. Leads, taps and terminals 
firmly encapsulated. 


Long Life Scanning action dis- 
tributes wear across face of bar 
contact, Rigid, fixed lead screw 


in a potentiometer 


Dependability — Mechanically and 
electrically stable. Effectively 
sealed against dust and moisture 


Uniform re- 
No external 


Absolute Linearity 
sistance distribution 
trimming required 


Specifications Meets 
commercial and military 
ments for all applications 


extreme 
require- 


Availability — Quick deliveries on 
production quantities. 


Borg 1100 Series Micropots 


Accurate, dependable. long-lived. 


coded leads for easy installation 


Has 9 inch 


Offers your 


products a competitive price advantage. 


WRITE 


FOR CATALOG BED-A158 


BORG EQUIPMENT DIVISION 


om mem ce | w 
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BORG 


JANESVILLE, WISCONSIN 
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CORPORATION 


NEW PRODUCTS 


[TRANSISTOR CIRCUIT POWER 
SUPPLY: Model C-22-2 provide 
voltage range of 0 to 30 with a cu 
rent range of 0 to 2 amps, electron 
ally controlled Regulation | 
0.1 v, and ripple to 
volts. Output time 
proximately 0.1 millisec. The internal 
mpedance 1s held to within 
ohms. Universal Electronics Co., 1720 
I'wenty-Second St., Santa Monica 
Calif 


vithin 
within milli 


constant ap 


OOS 


Circle No. 48 on reply card 


TRANSISTOR 
A new tubeless 
tended for transistor circuit develop 
offers from 0 to 50 at up to 10 
three independent output 
Ripple is under | millivolt 
ind regulation is to within 4 pe 
it 50 v. Higher current models ar 
ivailable. NJE Corp., 345 Carnegie 
Ave., Kenilworth, N. | 


Circle No. 49 on reply card 


POWER SUPPLY 
power upply, in 
ment 
ma on 
channels. 


cent 


IRANSISTOR POWER SI 
From 0 to 100 vde 
offered in a 
ing calibrated 
be controlled 


PPLY 
it LOO ma are 
upply ofter 
Output call 


hcw powell 
output 
remotely b inserting 
1 resistor two-terminal lin 
Regulation is to within 0.1 per 
ripple to within 4 millivolt, and sta 

to within 0.15 pel it. Ele 
tronic Measurements Co., Lewis St 


Eatontown, N ] 
Circle No. 50 on reply card 


across a 


cent 


ASSORTED 
HARDWARE 


BASIC BOARD simplifies 
printed circuit mockups. 


svrommet-hiled board abo 


lhe g 


conventional wiring technique 





An neremental synchro positioner 
before wiring to header and hermetic 
sealing. The synchro rotor is stepped 
in one or fifteen degree increments 
clockwise or counterclockwise de 
pe nding upon u hich of four coila ia 
momentarily ene rgized by a d-c pulse 
The sunchro can be rotated any num 
her of degrees or revolutions The 
cylindrical member resets the synchro 
ty j fy 


elec cal zero if a pulse ia applied 


f the “veset” circuit 


built to do just one servo control job... 


Like all Transicoil servo assemblies, this 
incremental positioner “does the job 
right’’ because it was designed for a 
ingle application by a company 
whose major function is to provide com- 
plete servo assemblies precisely engi- 
neered and manufactured to solve indi- 


vidual servo control problems. 


Of course, if you merely want servo 
components, you'll find Transicoil’s con- 
trol motors, motor-gear train combina 
tions, motor-gear train-generator com- 
binations, and servo amplifiers built to 
the highest order of precision and ac- 
curacy. But it is in the “package” 
engineering of unique assemblies that 
Transicoil’s experience and creative 
imagination offer the greatest value. 
And in most cases, these assemblies cost 
no more than the individual components 
would purchased separate ly. 

That’s why it pays to check your 
servo problems out with Transicoil first. 
Write outlining your problem, and ask 
for Transicoil’s new gear-motor bulle- 
tin. You’ll find it a mighty handy avail- 
ability guide in designing for tight 


production schedul 


CORPORATION 


Worcester ¢ Montgomery County * Pennsylvania 
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Py -t- fe Tt - NEW PRODUCTS 


aeat lower cost n addition, it, provides a simple bas 
f VO! On i¢ ectromati 0 


Box ‘ 27, VW he won \la land 
Circle No. 51 on reply card 


NEW 
miniature 


RECORDING 
POTENTIOMETER 





The Westronic Model 2705 miniature potentiometer 
solves your recording needs and control panel 
space problems. Here are some of the features. 


je One second pen travel te Panel space 9%” x 812” 


te Weighs approximately 25 Ibs. x 5” Strip chart record HOW ABOUT MAKING your 
%& Guaranteed performance x Continuous standardization own printed circuits? 


te Thermocouple or MV. calibrations ye Null balance system a a 
te Lower cost te Accuracy better than 0.5% own printed circuits. In the } 
. ° ° ° s4-by-5 in CCE if | 
Write for descriptive literature | 


minate and everything needed to etch 
it. Control Circuits, In + Broad 


westronics, Inc St, Middletown, Conn 
4 ; Circle No. | d 
3605 McCART STREET Ye FORT WORTH, TEXAS ircle No. 52 on reply car 


SUB MINIATURE RESISTORS: A 
new line of resistors for transistorized 
or subminiature circuit 
long and diam, off 
from 0.1 to O.5 me if 
tolerances are within | ¢ 
| nperatur oefhicient 
deg (¢ The litth 
| 


PF PCE 4 yvound and available 


A. W. HAYDON PRECISION covexete 5600 


SERIES MOTOR insures performance of America’s perimeter defenses. | /!'s!way_ #22, Hullid 
‘Pema OH ca Circle No. §3 on reply card 
5600 Series PERFORMANCE CHART 


GOVERNED ‘ wer i 
D. C. MOTOR 


ductive or non-induct 


Precision Resistor Co., I 

















ot See ee or PEN-LIKE DEVICE erases 


vous oc 








Rated 30 oz.-in. full load torque at | RPM. Torque is spots on magnetic tape. 

SPECIFICATIONS limited b : 2 
y materials used in gear train to 20 oz.-in. 

Voltage range nominal + 
20% at 68°F. intermittent or $ oz.-in. continuous duty at | RPM, Chis little machine 
Ambient temp. range minus Special gear trains are available f " 
65°F to plus 165°F Output speeds from 900 RPM down to 1 revolution in of a king-sized fountain 
Vibration 3-55 cycles per : 1 +; f met 
sec, with 10g max, accel, 2 hours can be provided. id SCCUIONS O Nast 


Tolerance on escapement WHEN TIMING POSES A PROBLEM CONSULT.... Lhe “Magneti Kra 


t 1 
we + 0.1% under con- ho ild be useful to an 


The Lr 
=. § A.\W-RIAYDON |_ with information on 


dition 2 magnet tape Cinema | 


0.5% under co Catalog : 11 rin 
{c) Fic. nder con foun am COMPAN Y Co., Div. of Aerovox Ce Burbank 


Shock MIL-B-5272A, 246nN ORTH ELM STREET 
: — 1 (30g for Lims) Request) WATERBURY 20, CONNECTICUT Calif 


IDO 


Design ond Menulecture of Electro Mechanical Timing Devices Circle No 54 on reply card 
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TINY DIFFERENTIAL uses ball 
bearings, weighs 1/3 oz. 


Believed to be the smallest im ex 
ec is the difterential shown above 

in. O.D. It input haft 
in. diam. Static friction is overcome 
0.01 oz-in. Pitometer Log Corp 


Lafayette St., New York | 
Circle No. 55 on reply card 


NIVERSAL JOINTS A line 
new miniature universal jomts a 

pt hafts a 
has maximum outside diameters of a 
little a « in. Falcon Machine © 
lool Co., 209 Concord ‘Turnpike 


Cambridge 40, Mass 
Circle No. 56 on reply card 


mall as ill diam and 


TINY POT gangs fourteen 
deep and weighs '2 oz. 


Hlere are the pertinent charact 
or th OT en above San | 
nando Electric Mfg. Co., San let 
nando, Calif 

Resistances 
Starting torque 
Rating 0.3 watts 
Shaft diam , in. 
Linearity within 10 per cent 
Rotation 352 deg, electrical 
360 deg, mechanical 


; ; — 
Size L in. diam, 3 in. long 


from 5 to 25,000 ohms 
0.75 oz-in. 


New Supergauge Movement 
Extends Gauge Life; Gives 
Users Many Extra Benefits 


In the quest for longer gauge life 
under severe operating conditions 
one of the principal hurdles confront 
ing instrument engineers has been the 
problem of gear tooth wear. Many 
efforts have been made to solve thi 
problem including the use of ma 
terials other than metal 

U. S. Gauge research indicated 
nylon rolling on stainless steel pro 
vided the best solution if proper con 
trol of the nylon were achieved. All 
past experience showed that expan 
sion of the nylon when subjected to 
heat and humidity changed pitch 
diameter causing binding and wear 
This destroyed the gear rolling action 
thus defeating its main advantage of 
assuring longer gauge life under 
severe operating conditions 

Using a new approach to the prob 
lem, U.S. Gauge engineers developed 
the new *ARC-LOC movement 

Molded nylon is bonded to the face 
of the stainless steel segment to main 
tain pitch diameter. Gear teeth are 
then accurately generated on the 
nylon face to assure perfect rolling 
action on the stainless steel pinion 
The segment gear face is broad and 
all bushings or pivots are deep to 
assure strength and ruggedness. The 
result is longer gauge life under severe 
operating conditions 


UNITED STATES GAUGE 


Since nylon is applied to the arc of 
the sector, any tendency of the nylon 
to grow or shrink occurs along the 
periphery instead of along the radius 
Thus, accurate pitch diameter u 
maintained and there is no wear from 
binding. With this design, the smooth 
gear rolling action between segment 
and pinion continues even under ad 
verse conditions of heat and humidity 

The new | (sauge ARC-LOC 
movement also provide everal addi 
tional features of interest to the user 
For easier adjustment the compl le 
rotated about the 
pinion axis, positioned properly and 
locked from the rear. This provides 
the advantage of linearity 


movement can tv 


adjust 
ment without removing dial and 
pointer. The unique locking method 
also eliminates creep during locking 

The Arc-tang segment allows range 
adjustment without resetting of the 
pointer 

Them added idvantages mean 
savings in time during calibration 
in important tactor in maintenance 
reduction 

For complete information on the 
savings that are made possible by 
U. S. Gauge’s new Supergauges and 
Solfrunt gauge with the new ARC 
LOC movement, write for Publica 
tion 1819 


*Trademark 


Gaye. Hireudlguile WA 


FOR OVER 50 YEARS 


Circle No. §7 on reply card United States Gauge, Division of American Machine & Metals, Inc. 101 Clymer Avenue, Sellersville, Pa. 
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OEE SESE EASES OO 


| Brew Delay Lines 


ween ee = 


Distributed Constant 





Lumped Constant 


‘ 
‘ 
i 
{ Ultrasonic 
' 
' 
‘ 


| 


Here are some reasons 
why you can be sure your 
requirements will be 
fully satisfied when you 
come to Brew for delay 
lines: 





custom built to your specifications 

wide experience in all type lines 

advanced packaging techniques 

special manufacturing and testing procedures 
modern facilities and skilled personnel 
exacting quality control 

continuous research ond development program 


Send us your specifications or send for Cata 
log 54 giving the complete Brew story. 


a" Richard D. Brew and Company, Inc 
ord, New Hampshir 


manufacture 


WHAT’S YOUR 
TIMING PROBLEM 


FLEXIBILITY ? 


' perat 


Whatever your timing problem, you'll find a standard Ferrara unit that 
provides the solution. Many standard variations available 


MODEL T-1, SINGLE AND REPEAT CYCLE—0.3-25 sec. of 0.5-50 sec. 


MODEL T-2, SINGLE AND REPEAT CYCLE, MULTI-RANGE—0.1-1; 1-10, 
10-100 sec 
MODEL T-3, DUAL CYCLE ON-OFF TYPE—Two independent timing sections, 
+1%, 20 AMP load contacts 


See your distributor or get the whole story on 


Crrard ELECTRONIC TIMERS 


in free catalog 
Ferrara, inc. + 8106 W. Nine Mile Rd. + Oak Park 37, Mich. 
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NEW PRODUCTS 


SERVO AMPLIFIER uses silicon 
transistors and magnetics. 


The magnetic amplifier en above 
will operate the parallel connected 
control windings of the 400 cps 
BuOrd MK7 or MK14 servo motor 
it full power Designated the 
R40G7W6, the combination sil 
transistor and magneti unphliher 
ice creates a voltage gain of 
2,000 when driving the MK7 
bandwidth is from 0 to 70 cps. Oy 
cration at temperatures up to 85 deg 
C is possible through the use of sili 
on transistors. Increased stabilization 
is possible through the use of the d 
component present in the output 
Polytechnic Research & Development 
Co., Inc., 202 Tillary St., Brooklyn | 
N. Y 


Circle No. 58 on reply card 


OPERATIONAL AMPLIFIER: For 
inalog computer makers, Philbrick of 
fers a new model plug-in operational 
implifier with higher performance 
characteristics. ‘The Model K2-X i 
physically interchangeable with earlier 
models. Some of its performan fis 
ures: gain, 30,000 dc; voltage range 
minus LOO to plu 100 vde; power 1 
quirements, plus 300 and minus 300 
de. George A. Philbrick Research 

lin 230 Congress St., Boston 10, 
Ma 


Circle No. §9 on reply card 


MINIATURE RESISTORS Avail 
able with tolerances within 0.05 per 
cent is a new line of miniature resi 
tors that display temperature in 
sensitivity to the extent of 20 ppm 


) leg C. Ratings are under one watt 


i 

and yIZCS under j inh liam The 
Daven Co., 530 W. Mt. Pleasant Ave 
Livingston, N. |] 


Circle No. @O on reply card 





Contol Cases !QO00 P& | 


WITH VICTOR GAS-0-DOME REGULATORS 


Gas pressure, not springs, control diaphragm motion to give you 
precise regulation of high-pressure gases at high or low flow rates 
Can be remotely controlled if desired. Safety valve furnished on 
request. More than 55 stock models in the following series 





a ccnies | RANGE (gs 1) SPECIAL FEATURES GASES HANDLED 





= GOD 30 2 0-2500 a High Delivery Flow Rates 
GD 31 0-3600 Accurate Valve Control . 
—_ = . if 
GD 618 0-2500 Excellent Capacity. Compact | Argon 
_ - 7 lb.— 4” x 6” x 6”. | Helium 
GD 628 0-3600 —67* to + 160° F. Range Hydrogen 


oe : | Nitroge 
VICTOR'S LONG EXPERIENCE _ GD 80 05000 | Accurate Valve Control ey 
IN PIONEERING HIGH PRESSURE GD 81 0-10000 —67° to +160° F. Range and others 
GAS REGULATION is yours for the : @ 


to 
Self-Relieving Pilot Regulator — a 
asking. For details, and complete GD 10 0-500 Control. High Flow Rates pe hy 
data on Gas-O-Dome Regulators, see = ane, ] 
4 | 
your VICTOR dealer or write us for SR 10 0-1000 wig Prcseure, Low fon. Com 


: pact—4 Ib. —2” x 6” x 6”. 
catalog 341. Dealer inquiries invited. $d 


SR 100 ety Corrosion Resistant. Ammonia (wet or dry) 


R | Boron Trifluoride 
Viclo QUIPMEN] OMPANY | Chlorine (wet or dry) 
I ° EQUIPMEN COMP. Hydrogen Sulfide, 
Mfrs. of welding & cutting equipment, hardfacing rods; Hydrogen Chloride, 


blasting nozzles; cobalt & tungsten castings Sulfur Dioxide—and 
844 FOLSOM ST. * SAN FRANCISCO 7 21 other corrosive gases 




















HIGH SPEED RECORDING SYSTEM 


‘ANALOG MATRIX WITH 


256 ANALOG LEVELS ON 5 INCH 
MULTI-STYLI 
TO DIGITAL 256 WRITING pesmi a ELECTRO-SENSITIVE PAPER. READABLE 
CONVERTER CIRCUITS 0 TO AN ACCURACY OF t 0.2% 


24000 
8 BIT WORDS 
PER SECOND 


R-1047-40-1 


WRITE FOR 
ADDITIONAL 
INFORMATION 


RADIATION | “tend fe 
nec. Orlando. Fla 


Electronics . Avionics . Instrumentation 


PERSONNEL INQUIRIES INVITED 
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SIDELIGHTS ON THE SCIENTIST 


S number 2 of a series 





How many patents per Ph. D.? 





Some of the young fe llows on our staff 
have been analyzing our files of pe rsonal 
data 1. garding scientists and engineers 
here at Hughes. What group 


characteristics would he found? 


With additional facts cheerfully contribute d 
by their colleague they have come up 
with a score of relation hip ome 
amusing, some quite surprising We shall 


chart the most interesting 





results for you in this series. 


In our laboratories here at Hughes, more than 
half of the engineers and scientists have had 
one or more years of graduate work, one in 
four has his Master's, one in 16 his Doctor's 
The Hughes research program is of wide 
variety and scope, affording exceptional tree- 
dom as well as exceptional facilities for thes 
people Indeed, it would be hard to find a 
more exciting und rewarding human climate 
for a career in science, Too, the prote ssional 
level is being stepped up contunu ally to insure 
our future success in commercial as well as 
military work 

Hughe $18 pre-cmiine nt asa deve lopet and 
manufacturer of airborne electronic systems, 
Our program includes military projects in 
ground and airborne electronics, guided 
missiles, automatic control, synthetic intelli- 
gence, Projects of broader commercial and 
scientific interest include res arch im semi- 
conductors, electron tubes, digital and analog 
computation, data handling, navigation, pro- 
duction automation, 
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OF PATENTS 


NUMBER 














Ss 





ACADEMIC DEGREE 


Ricut Now the Laboratories in 
Culver ¢ ity, California, and the 
Missile Production facility in Tu 
frizona, have positions open for 


j 
engineers who are experien ed wn any 


or all phase sof Test Equipment Design 


SCIENTIFIC STAPP RELATIONS 


Hughes 


RESEARCH AND DEVELOPMENT 


LABORATORIES 


Culver ¢ ity, Los Angeles County, ¢ slifornia 





ABSTRACTS 


Hydraulic Analogs 


From “Hydraulic Analogue Vilethod 
for Calculation of Thermal Grad: 
ents”, by Eldon L. Knuth and Em 
erson L. Kumm, Aerophysics De 
velopment Corp. American Rocket 
Society paper No, 214-55 


[he effects of atmo phe ric heating 
of the surfaces of high-speed missil 
have emphasized the need fo ili 
of the effect of transient temperature 
distribution through various material 


Arbitrarn 


iriation 


under different condition 
changes in the environment 
in heat-transfer coefhcient and su 
rounding environment temperatur 
dunmpg an experiment make an ana 
tical solution impractical. Resort t 
equations using finite differences often 
results in lengthy iterated calculation 
procedure Or graphic il te hnique 
If, in addition, temperature chang 
ire such that noticeable variation in 
the material's thermal propertic 

vith the anticipated change in tem 
perature, then an analog approach t 
the problem may be necessa 

Many of the difficulties encounter 


in using hydraulic analog comput 


in the past have been largely removed 


through recent availability of the uni 

form small bore precision tub A] 

though a number of researchers dé 

veloped hydraulic analogs of heat 

flow problems, none has de ibed a 

imple way to simulate variatio 
thermal properti 

hange in temperatur An 

inalog described by M. B. ¢ 

the proceedings of the Institut 

Mechanical Engineer England 

1951, took account of chang in 

material's thermal properties by st 


material’s 


changes in the cross sectional area 
llr capacitor The method describex 
in this paper for making cl 
ipacitor cross-sectional ire 
plified from that used by ¢ 
dimensional cams are cu 
the desired change 
us-pressure and in 
tower capacito1 
Also, the analog 
low variations during an ey ment 
the surface heat efficient 
ind environment ten 
ions are also made to 
tion of surface fu 
ft 


Its Application 


One of the 





the study of heat transfer in materials 
under conditions of forced-convected 
heat transter im the presence of very 
high temperatures 1s the fact that th 
temperature throug! f 
the material ma ir’ ippre 
bor instance iv n. thick 
low bon steci at 1,UUU deg 
nvironmecnt 

f V reed " 
transici vcetncicnt ol 0.1 Btu q 
ft/sec/deg k might begin to melt 1 
outer surface betore the inner surface 
had appreciably changed temperature 
If the melted surface is removed by 
air forces, then a time-wise step calcu 
lation is possible, equating the sur 
face heat flux to the enthalpy chang 
of the melted material. ‘he scope 
of the application of the hydrauh 
inalog to transient heat transfer 1 
prin ipally to those ist vhere a 
relatively large temperature gradient 
exists in the material undergoimg th 
test condition 
face fusion 

Lhe pa] 
tween the cquatioi 
flow and fluid flow 
Boundary ondition 
principally in acrodynami 
lso considered 


How It’s Built 


Basically, th 
ten ection I 


necting ten water 


tim tO De inalogoi 
fluid-low tim ind 
path to be analogous t 
liquid path. Different length 
ing wer ut and connected 
to allow a wide incty ot 
tions up to 59 in. of fluid flow 

he recover tempcrature imutlator 
consisted of a liquid-supp] tem «ce 
igned to supply liquid at a prescribed 
head to the boundary-layer simulator 
A check of the computer vith calcu 
lated data indicated that it verall 
results wel 


cent 


Surface Fusion 

Mi lting r th vall surface 
approximat d in increment fash 
allowing overflow to occur at th 
height equi ilent to melting te mpera 
ture and removing this overflow to 
simulate the absorption of the latent 
heat of fusion Surtace erosion 1 
mulated by using bypa ilves to 
hort circu t hydraulic capacitor 
and resistor I rh roel P 

During the computer operation the 
leneth of ipil irv tubing in the bound 
iry laver mulator and the setting 
of the fluid upph i iried according 
to a pre ribed hedul Ihe height 
of thi liquid in the ten hydrauli 


ss 


} 
q Clary / 


printed digital 


rorcias 
e 


PF 
o 


NOW WITH CLARY NUMERICAL DATA PRINTERS you have a choice of 
machines which convert your output to printed digital recording 
Now, to solve a wide variety of recording applications, choose Clary 
models capable of accepting either serial-type entry or parallel entry 
The low cost and extreme flexibility of Clary automation equipment 
have already made it a prime factor in science and industry —including 
automatic printing of computers; analog-to-digital converters; scales 
digital voltmeters; automatic production devices 

electronic counters; inventory systems; tempera 

ture and pressure-recording systems; weather ol 

servations; laboratory instrumentation 


We also engineer and produce the versatile Clary 
Input Keyboard, Printing Timer, and other spe- 
cialized counting and recording equipment. Call 
or write: Electronics Division, Dept. Y 16, Clary 
Corporation, San Gabriel, California 


JET PROPULSION LABORATORY 


OF THE 
CALIFORNIA INSTITUTE OF TECHNOLOGY 


Pasadena, California 
} 


1as positions now open in the fields of 


GUIDED MISSILE INSTRUMENTATION 
AND TELEMETERING 


me the nait ty 


Airmail your summary of qualifications and references to 


catech | JET PROPULSION LABORATORY 


4800 Oak Grove Drive Pasadena, California 


—s 
= 


(iui 
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Extend your future in 


CIRCUIT 
DESIGN 


At Hughes we have undertaken devel- 
opment of a system in which advanced 
radars u ing array antennas and newer 
trave ling wave tubs ke ve lopments are 
combined with digital data handling 
and processing equipment to solve the 
compl x proble ms of aircraft detection 
ind assignment 

We are alre ady in an ¢ nviable posi- 
fon im the intercept and destruction 
phase of defense through the Hughes 
airborne radar fire control systems and 
the Hughes Falcon guided missile. 
Achievement of these objectives in 
the very limited space and stringent 
environmental conditions of the mod- 
ern defense system provides an un- 
usual ¢ hallenge to the creative circuit 
cle Sign enginect 

If you are interested In joming us 
you should have expe rience In one or 
more of the following circuit areas: 

Transistor Video Microwave 
Pulse—ir and re—Switching—Clamp- 
ing—Phase Shift—Power Supply 
Modulator—Electromechanical. 


Scientific Staff Relations 


HUGHES 


REGEARCH AND DEVELOPMENT LABORATORIES 


Culver City, Los Angeles County, California 
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ABSTRACTS 


capacitors is read visually and recorded 
it preselected interval When the 
run is completed, the head reading 


ire converted into temperature value 


Piping Effects Valves 


From “Effects of Adjacent Piping 
Configurations on Control-Valv« 
Characteristic and Capacity”, by 
G. F. Brockett, Fisher Governor 
Co., and W. J. L. Kennedy, Stone 
& Webster Engineering Corp 


ASME Paper No. 55-A-138 


I'he care used in specifying control 
alves in the engineering stages of 
project, and the effort f manufac 
turers to provide precis« valve chara 
teristics and capaciti ire often pal 
tially nullified by poor installation 
practices \fter sizing the actual in 
tallation layout is then turned over to 
piping designers, who, in general, give 
little thought to the control function 
£ the valve, or to the effect which 
piping arrangement immediately ad 
jacent to the valve will have on it 
performance 

The paper is essentially a collec 


tion of fifteen graphs showing the 
hange in characteristics of plug valve 
of various sizes, using air and water 
vhen operated it ditterent pre ur¢ 
and pressure drops in association with 


reducers, plug cocks, elbow t 
Test Conditions 


In the test results, the basic ca 
pacity of the control valve is plotted 
for reference, It is common practice 
to include the pressure drop acros 
the entire control-valve manifold un 
der the pressure differential availabl 
for control. That is, if 10 psi drop 


illowed for control, 2 psi of this may 


be used in the piping an nediately ad 
jacent to the control ilve The 
iuthors have followed this practice in 
the test results; the control valve and 
its adjacent piping were considered a 
ystem and treated as a unit in assign 
ing pressure drop and calculating flow 

It’s obvious that a reduction in ef 
fective capacity of the control valve 
results, but this does not insure that 
these effects will be compensated for 
If it were not true that many control 


ifety factors, this effect would 
more commonly noticed 
Although the ilve 


crease 1S predictable the eff 


valves are oversized by duplication of 


ent piping on val 
not obviou ind 
considerably 





NEW BOOKS 


T. J. Higgins reviews 
a process control book... 


\ INTRODUCTION i ROCES 
ROL SYSTEM IDESIGN By 
\. J. Young, Head of the Cen 
tral Instrument Laborat Iinpe 
Chemical Industri Limited 
pp Published by Longman 
and Co. Ltd., London, En; 
{ hillin Available 
n Longman Cree \ 


ym, thi 

I contro! 
nd design which has been 
in English. It joins basi 
control theory with empiri 
vledge gained from operating 

experience to make 


On p 


a coherent whok 
It is written by an engineer with a 
comp ehensive gra p of modern con 
trol theory, and an extensive a quain 
tance with current unit design tech 
nique Chis book fills a long-stand 
ing need of America and British 
instrumentation and _ proc control 

it is in English, is up-to 

only simple analysis. 

preface the author stat 
his belief “that a simpler, almost non 
mathematical, treatment of the basi 
principles of control using 
the frequency response approach will 
be welcomed by many who wish to 
implify their practical experience and 
held ; 


“Econom 


proce ) 


by newcomers to the 
Ihe first of 19 chapter 
ics uutlines the round 
underlying choice of the type 

mitrol for the plant. Chapter Ihe 
Closed Loop” and 3, “Plant Charac 
teristics” explain the essential dif 
f between open and closed-loop 
control and illustrate, with example 
the ic plant featur vhich enter 
inte nalysi Chapter +, “System 
of Exponential Transfer Stages” and 
Plant Controllabilit explain in 
t! inalytic treatment of a 

| series of single-lag stag 
frequency-respons¢ 


economl 
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method of 
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series ‘*U*’ 
UNIVERSAL MOUNTING 
AIR CYLINDER 








Here is anew series ot extremely 
compact air cylinders which require 
very small mounting area. You get four 
mounting types foot, front flange, 
rear flange, and clevis provided 
integrally by drilled holes in the heads 
The installation is much more rigid 
and assembling or stocking of miscel 


laneous attaching brackets is eliminated 


Stainless steel piston rods and hard 
drawn brass barrels assure corrosion 
resistance with low frictional 


characteristics 





3823 


they’re 
COMPACT 

RUGGED 
EFFICIENT 
Soe, .|. 


, , Write for further 
me | information today! 


PACIFIC AVENUE 





Mathou 


MANUFACTURING CO. 


CINCINNATI 12, 


ouio 


D-79 GAUSSMETER 


Means More ‘ 


In MAGNETICS . . 


HERE’S WHY: 


® Reads 10 to 30,000 Gauss Flux Fields 


® Probe is only .025” thick 

® Active area .01 square inches 
© Net Weight 10-1/2 Ibs. 
7 


Power Supply 105-125 Volts, 50-60 Cycle 


Cm 
; A 


® Overall size 13” high, 10-1/2” wide, 6-3/4” deep 


Precision built to give accurate flux density measurement and determine 


“flow” direction. 


The unit also locates and measures 


stray fields,” plots 


variations in strength, and is ideal for checking production lots against 


a standard. 
doesn’t jerk or pull. 


Simple to operate, the D-79 gives no ballistic reading 
Comes in protective carrying case 


W rite for literature—De pt. N-1155 


DYNA- EMPIRE Inc 


1075 STEWART Ave 
GARDEN CITY N y 
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JET PROPULSION LABORATORY 


OF THE 
CALIFORNIA INSTITUTE OF TECHNOLOGY 


Pasadena, California 


has positions now open in several fields of 


MISSILE GUIDANCE SYSTEM 
DEVELOPMENT 


This is an opportunity to associate yourself with the nation’s 
foremost guided missile research and development facility. 


1) System Analysis 


Engineers, Physicists or Mathematicians are wanted for rocket 
guidance system planning and analysis. The work requires a 
combination of imagination and a high level of analytical ability 
Experience in the engineering type problems of guidance or related 
equipment is very desirable. This overall system work provides 
the opportunity to become familiar with a broad variety of inter- 
esting and challenging fields. Excellent digital and analogue 
computers are available for use in the studies. 


2) Inertial Guidance 


Engineers and Physicists are wanted for missile inertial quid 
ance component development. Work involves design, development 
and evaluation of gyros, accelerometers, integrators, stable plat 
form systems and associated apparatus. Particular emphasis is 
placed on the problem of achieving component performance under 
severe environmental conditions, and on development of advanced 
testing techniques. 


3) Layout and Packaging 


Engineers are wanted for layout design and proof testing of 
electronic and electro-mechanical packages with emphasis on meet- 
ing vibration, temperature, and system operation requirements. 


4) Switching Circuits 


Engineers are wanted to design low power switching, control, 
and power circuits, with emphasis on reliability and ease of 
operation, 


The Jet Propulsion Laboratory is located in a suburban area 
of Pasadena, California. It offers these advantages: 


Desirable academic associations 

Emphasis placed on research and development 
Excellent laboratory and model shop facilities 
Attractive salaries 

A stable yet progressive organization 


Interviews are conducted by members of our engineering staff. 


Airmail your summary of qualifications to: 


catech | JET PROPULSION LABORATORY 
4800 Oak Grove Drive 


CONTROL ENGINEERING 


Pasadena, California 
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NEW BOOKS 


havior of a plant, controller frequency 
response must be known also. ‘Thus 
Chapter 8, “Characteristics of Theo 
retical Controllers’, describes the fre 
quency characteristi of idealized 
controllers of proportional, integral, 
derivative and compounded nature 
Chapter 9, ‘““The Operation of a Con 
tinuous Control System’’, discusses the 
combined characteristics of plant and 
controller in closed-loop operation. 

Chapter 10, “Prediction of Con 
troller Settings, Control Quality and 
Plant Controllability” is somewhat 
subsidiary. Its prime object is to 
demonstrate that the contro] quality 
for a given controller hinges, essen 
tially, on the characteristics of th 
plant. 

Subsequent chapters consider (11), 
“The Basic Principles of Pneumatic 
Controllers”; (12) “Some Three 
Action Pneumatic Controllers’; (13), 
“Electric, Electric-Pneumatic, and Hy 
draulic Controllers”. 

Chapter 14, “Measuring and Trans 
mussion Lags’’, describes the character 
and influence of phase lags and at 
tenuations of auxiliary components of 
the closed-loop system. In Chapter 
15, “Transfer Stages’, the frequency 
response characteristics of various types 
of transfer stages in the plant ar 
considered as compounded of simple 
lag stages. Lumped and distributed 
parameter stages, independent and 
interacting, are discussed at length 
and illustrated by example 

Next, in Chapter 16, “Valve Char 
acteristics”, the commonly-used cot 
rective control valve is discussed in 
general terms as an important ele 
ment of a control system. It is shown 
by example that satisfactory control 
quality often hinges on a_ proper 
choice of this element 

Ihe text is closed out bv ( haptet 
17, The Effect of Disturbance a 
consideration of the effects on plant 
performance of an undesired disturb- 
ing signal acting at an arbitrary point 
in the system; 18, “Complex Control 
Systems”, being an introduction to 
multiple-loop systems; and finally 19, 
“System Design’, summarizing the 
princ iples discussed in preceding « hap 
ters and describing a somewhat pert 
sonalized technique for designing a 
process control system based on the 
principles 

There are 6 appendic« the first 
on differences of terminology in 
ous countries 

Thomas J. Higgins 
Professor of Electrical Engineering 
University of Wisconsin 





Printed Circuits 


PROCEEDINGS OF THE SYMPOSIUM 
ON PRINTED CIRCUITS 122 pp 
Published by Engineering Publish 
ers, GPO Box 1151, New York | 
N. ¥ $5.00 


This book ontain ! mnplete 
form, the technical papers presented 
at the 1955 Symposium on Printed 
ircuits, which wa ponsored Dy the 
gineering Department of Radio 


ectronics- Television Manufacturer 


( 
| 
I 


1 
| 
Association with the participation of 
the Professional Group on Production 
Icchniques of the IRI he perti 
nent questions and answers that fol 
lowed the presentation of each pape 
are included 

he papers cover both theory and 
practice——materials components, de 
sign and production, testing and eval 
uation, and reliability and manage 
ment problems All the methods of 
printed circuitry currently in commer 
cial use are discussed. There are case 
studies of their use in reducing manu 
facturing costs 


Mechanisms by the Carload 


MecuanisM. Joseph Stiles Beggs 
Hughes Aircraft Co. 64 by 94 in 
118 pp Pubkshed by McGraw-Hill 
Book Co., New York City 


While some ittempt is ma le in thi 
book to carry out a continuing line of 
thought, it remains basically a detailed 
examination of a wide varicty of mech 
inisms, each pretty much standing 
on its own. The basis of a course in 
advanced kinematics at UCLA be 
gins with a discussion of the required 
mathematical tools needed to tho 
oughly analyze complex mechanica 
ystems, but with the start of the third 
hapter introduces the read to basi 
facts about a wide variety of specif 
device Gears ot evel lk cnipoon 
and mechanisms associated with them 
plu information on their manufacture 
com pris¢ the bulk of the third hap 
ter. Next mri ims, 1 
linkage tension and 


Compt 
I 


mechanist 


1 
; 


itors and electromechani 
omputer compon nt 

mechanism thi I be a rather 
veak section : packed chapter 
m Newtonian mechani ind tl 
isual compendium of interestin 

, 
THICK 

Partial] because of the 
7 her f | rar | } t moct 
lumber OT GlagtTam ind photo mo 
of them excellent) this book is a truly 
interesting one to thumb through. It 
woid the obviou ind doe 1 thor 
ough job on the complex gadgets that 

; eer 

demand dynamic analysi 


Staggered 
| Starting of 

electric 

motors... 


AGASTAT 


4 | \ time / Delay / Relay 


~ 





AGASTAT allows you to stagger the starting of three motors 
without imposing their load on the line at the same time 
The AGASTAT is ® electrically actuated, pneumatically timed. 
® light, versatile, dependable. 
. instantaneous recycling 
® adjustable in timing from 0.1 second to more than 
10 minutes 
® available in AC or DC models which offer delays 
on energizing and de-energizing, manvally actuated 
time delay switch, remote push button control, her 
metically-sealed units 
Write our application engineers for help with 
your timing problem. Address Dept. A25.120 


Elastic Stop Nut Corperetion 
of America 





DIVISION 1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing 


Electronic Engineers 


C pro lantlies Unlimited... 


with the manufacturer of DATATRON 
Electronic Data Processing Machines 


ElectroData Corporation has become in little more than a 
year the third ranking company in the digital computer field 
The company recently moved into its new, ultra-modern, 
40,000 square foot plant—completely air and sound-condi- 
tioned—in Pasadena’s scenic Hastings Ranch area. Threefold 
expansion of facilities can be expected in the next few years 
rhis dynamic growth has created innumerable openings in 
all phases of computer design, development, application, test, 
and customer service. Excellent salaries, employee benefits, 
and profit-sharing accompany these positions. If you qualify 
for high standards . . . send your resume to 
R A. Alexander, 


Personnel Director 


ElectroData corProRATION 
PASADENA, CALIFORNIA 
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INTRODUCTION TO 
ELECTRONIC ANALOGUE 
COMPUTERS 


Just Published! 


Applies operation and design principle 
omputers to a variety of systems by mes 


ple, idealistic networks ‘ 


matic drift corr 
on p 
1 By C A. A. Wass, 
Royal Aircraft Estab., 
England 
237 oo 149 illus $6.50 


LINEAR 
FEEDBACK 


ANALYSIS 
Just Published! 


Presents systems for working in negative feedback 
ak reg sessaren and applications. | 4 
ds ach 


Farnborough 























echnical supplies all these CHARTS 


».-.- and 7991 more besides 


Precision roll and dial recording charts are Technical’s 
only products 

chart accuracy 
savings as well 








This specialization means extreme 
and big procurement 


You can order any of more oan a a 


than 8000 different charts on one order 
Automatic order processing and large : 


inventories assure prompt deliveries 
Catalog 55 explains services 


chart samples 


TECHNICAL CHARTS INCORPORATED 


189 VAN RENSSELAER ST. 


. write today. 


Cte 


Catalog 55 


shows 


Nationally Represented by TECHNICAL SALES CORPORATION 
16599 Meyers Road Detroit 35, Michigan 


METER-RELAYS 


For Sensitive and Accurate Control 


RANGES: 


0/20 Ua. to 
0/50 A. 
0/5 Mv. to 
0/500 V. 
The trip point 
is adjustable to 
SALE Sen bore og SY Pew on 
” the scale arc. 
These meter-relays are sensitive to 
changes of as little as 1%. One con- 
tact is carried on moving pointer. The 
other is on a semi-fixed pointer. When 
two pointers meet contacts close and 
lock. Holding coil is wound directly 
over moving coil. Reset can be man- 
val or automatic. Spring action in 
contacts kicks them apart forcefully. 
Three sizes of clear plastic case models, 
2%, 3% and 4% inches (all rectangular). 
Two ruggedized and sealed models, 
2% and 3'% inches (round metal cases). 
Contact arrangements: High Limit Sin- 
gle, Low Limit Single or Double (both 
high and low). Contact rating is 5 to 
25 milliamperes D.C. 
Suggested circuits for meter-relays and com 
plete specifications including prices are cov 
ered in new 16-page Bulletin G-6, which you 


can get by writing Assembly Products, Inc. 
Chesterland 22, Ohio 
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TYPE 306 
STEP 
ie MOTOR 


SUPPLY 


SIZE 18 NN 
STEP TRANSMITTER 


An inexpensive combination to replace 
costly servos and synchros in many ap 
plications requiring remote indication or 
positioning 
A reversible d.c. motor keeps in step with 
a low torque transmitter. Torque ampli 
fication of 30:1 is obtainable without elec 
tronic amplifier. Several motors may be 
driven synchronously from same trans 
mitter without reflecting torque to trans 
mitter 
TYPE 306 STEP MOTOR 

Voltage 

Stall Torque 20 oz-in 

Max. Speed 150 r.p.m 

Size 3” Dia. x 3” long 

Step Increments 15% 
SIZE 18 STEP TRANSMITTER 

Torque 0.2 oz-in 

Size 1-34” Dia. x 3” long 


115 dc 


GAP sien CORP. 


253 WEST MERRICK ROAD, 
VALLEY STREAM, L. 1., N. Y. 
VA5-2930 











ENGINEERING 


B 
1. G Thomason Radar Research ‘Estab Malverr 
England $55 pp.. 236 itlus., $8.50 


CONTROL OF NUCLEAR 
REACTORS AND 
POWER PLANTS 


Just Published! 


Provides a servo-engirveering approach to the pr 
lem of safely controlling nuctear reactors I 
espon se 


ar 

me 
heck cont levice , By 
M. A. Schultz, Atomic Power Div Westinghouse 
Elec. Corp. 313 pp., 232 iltus., § 





JUST OUT! 
ProrEssional QUESTIONS 


NGINEER’S AND 
EXAMINATION ANSWERS 


ve es sa e swers 

Over 500 au tion nd complete af 4 

to help ¢ eers ense exa 
p engin pa , 


inations 
a ana 


ass apes tie 


nation prepare 
oo LaLonde 
mao By William ark ( 
Chrmn. Civil Engre Des ng $6.50 
lege of Engrg. 462 BP-, “° 


eee 


McGRAW-HILL BOOK o* ae 
327 W. 41st St., N.Y.C 


4 introduction to Electronic Analogue Com 
puters $F 

mason Linear Feedback Analysis 
t Centro! of Nuclear Reactors and Power 
Plants $7 

Lalande Professional Engineer Examination 

Questions and Answers 

Print 


Na 


Ad 








WHAT’S AHEAD: MEETINGS 


DECEMBER 


American Chemical Society, 


¢ 


' 
un 
incet 


I 
p 
N. J 


JANUARY 
National 


titut if 


ort Wort 


Simulation Conference, In 
Radio Engineer Dalla 
h ¢ hapter Professional 
Electronic (¢ omputer 
Lexa 
Jan. 19-21] 


American Institute of Electrical Engi 
neers, Wint General Meetin 
Stat Hotel, New Yo 

Jan. 30-Feb 


FEBRUARY 


Institute of Radio Engineers, Eight! 
Annual Southwestern ( 
ind | tron Show 
Auditonu Ok] 


onferen 
Municipal 
Citv, Okla 

b. 9-1] 


thom t 


Louisiana State University, 1956 Con 
m High-Speed ¢ omput 
Baton R La eb. 15-17 


reren 


MARCH 


Institute of Radio Engineers, Nationa 
Convention, Kingsbridg Armor 
ind Waldorf-Astoria Hotel New 

York Mar. 19 


American Society of Mechanical Engi 
neers, Instruments and Regulator 
Div., Second Divisional Conferenc 
Princeton University Princeton 


NX. ] Mar ( 


APRIL 


Special ‘Technical Conference on Mag 
net Amplifier ponsored b 
American Institute of Electrical En 
ai Institute of Radio Eng 
cers, Instrument Society of Amer 

Hotel Syracuse, S isc, N. ¥ 
Apr. 5-( 


American Institute of Electrical Engi 
neers, Conference on Recording and 
Controlling Instrument Bradford 
Hotel, Boston Apr. 26-27 


MAY 


American Society tor 
rials, }ourth Conferen m Ma 
Spectromett Plaza 


Hot Cancimi I I Mar 7 


lesting Mate- 


NEW SAVINGS in your operations 


sith 
Croll, 0. Bockman Oxyc EN ANALYZERS 


——————— 


Pictured is the Model G2 Recording Analyzer 


finest for precise oxygen measurement 


OPERATIONS LIKE THESE...MAKE SAVINGS LIKE THESE 


ge 


ee 





PROCESSING 


AIR LIQUIFRACTION AND 


PRODUCTION OF HIGH 


Better produ t quality 
with minimum oxygen or 


air contamination 


PURITY GASES 





SAFETY 


PRODUCTION OF HYDROGEN, 


ACETYLENE, ETC. 


Control explosive atmospheres 


reduce fire risks, minimize plant 


and personnel hazards 





PRODUCT PROTECTION 


RESIN KETTLES, COLOR PIGMENTS, 
PRODUCT STORAGE, ETC. 


Reduce oxidation 
product 
controlled purge sy 


mainiain 
standards with 


stems 








FEATURES OF THE G2 


Many ranges: full scale ranges 00 1% 
005%, 0-1% ©) and others for low 0, 
concentrations. Ranges 90-100%, 95 
100% 0), etc., for high 0, concentra 
tons 

Multi- Ranges: Any instrument may be 
supplied with two or more ranges 


Note: For ranges wider than 0-5% 
O,, ask about the Model F3 Analyzer 


Unique Operating Principle 
The various applications highlighted above are only a 
few of the many ways Arnold O. Beckman Oxygen Ana 
lyzers—industry’s great new profit builders—are being 
used by progressive operators to boost profits, cut costs 
These are the only oxygen analyzer 
measure process streams by an ad 
ciple that provides direct physi 
oxygen itself —not of some secondary 
Heart of the unit, as illustrated i dumbbell-shaped 
test body suspended in a magnetic field. Sample gas sur 
rounding this test body causes it to rotate in the field, 
depending upon the oxygen content of the ga 
ment of a light beam, reflected by a small mirror on the 
test body, is measured by simple electronic circuits 
and the result indicated directly on a conventional re 
corder or indicator 


that continuously 
vanced magnetic prin 
i] measurement of the 
relationship 


I he move 


It's simple, positive, accurate! 
No chemicals 


cams 


filaments 
complicated me 


catalysts 
hanical parts 


' 

' Send for Helptul Free Literature which describes this 
! unique operating principle in detail —explains its many ead- 
' vantages and applications. When writing, ovtline your per- 
; ticular operations—we'll gladly supply specific information 
‘ 


Ask For Data File 15V-16 


MISSION STREET 


7s ee eee Seen oe 
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OPPORTUNITY 


and the world’s largest 


140 


COMPUTER 


What does opportunity mean to you? 
Exciting work? Unlimited future? If you’re 
an electronic engineer seeking the frontier 
of your field, you'll find a rare opportunity 
at IBM in a project involving the world’s 
largest computer 


This operation, of front-rank importance, 

and growing by leaps and bounds, requires out- 
standing men who will receive advanced computer 
training at IBM’s Kingston, N. Y. school and 
who will undertake responsible assignments in 
locations throughout the Eastern U. S. 
Employing the latest computing and calculating 
techniques and testing equipment, you'll gain 
experience in electronics unequalled anywhere. 
And every channel of advancement in this 
accelerating project will be open to you 


The company you'll be joining is diversified, 
a leader in its field—with sales doubling, 

on an average, every five years over the past 
quarter century. And the future looks even 
better. The best opportunity is a “‘ground- 
floor’ opportunity. 


If you have a degree in engineering, 
mathematics or physics, capitalize on 
the tremendous expansion planned for 
this long-range program; write now to 
N. O. Heyer, Room 2601, IBM Corp., 
Kingston, New York. 


INTERNATIONAL BUSINESS 


CONTROL ENGINEERING 


Producer of electronic 
data processing machines 
e/ectric typewriters 


and electronic time equipment 








AMESSAGE TO AMERICAN INDUSTRY * 


The National Merit Scholarship Corporation 


Business is Offered Big Dividends 
on Investment in Higher Education 


Business firms searching 
for a satisfactory avenue to 
provide financial aid for 
our colleges and universi 
ties now have a new oppor- 
tunity of major importance. 
It is provided by the Na- 
tional Merit Scholarship 
Corporation, which has of.- 
fered to devote $8 million 
to matching, dollar for dol- 
lar, gifts by business firms 
for college scholarships 
and supplemental gifts to 
the institutions where the 


scholarships are used. 
The National Merit 
Scholarship Corporation, 


an independent agency fi 








The McGraw-Hill Publishing Com- 
pany is availing itself of the opportunity 
to establish ten National Merit Schol- 
arships. They will be known as the 
McGraw-Hill Merit Scholarships. The 
scholarships are to be awarded to qual- 
ified candidates for a four-year college 
course in the fields of science, engineer- 
ing and the other professions and the lib- 
eral arts. There will be no limitation, 
beyond the appropriate professional ac- 
crediting, on the college or university 
selected by a successful candidate. As 
partof a continuing program to aid high- 
er education and educational institutions, 
McGraw-Hill is happy to be able to share 
in what it believes to be the constructive 
educational endeavor of the National 
Merit Scholarship Corporation. 








ONE OF A SERIES 


school graduates do not go 
to college. The principal 
reason is that they do not 


have the money required. 


To Save Unused 
Brain Power 


The National Merit 
Scholarship Corporation 
will strive to eliminate this 
dangerous neglect of top 
flight ability. To this end 
it is inviting the nation’s 
high schools, numbering 
more than 24,000, to par 
ticipate in its program by 
designating as available 


candidates for National 


nanced initially by gifts of $20 million from the 
Ford Foundation and $500,000 from the Carnegie 
Corporation, has three major purposes which are 


closely related. They are: 


1. To locate those of the nation’s young men 
and young women who are best equipped to go 
to college. 


2. When necessary, to help these young peo- 


ple go to college by giving them financial aid. 


3. To help colleges and universities meet the 
full cost of the instruction of those to whom 


National Merit scholarships are granted. 


At present about half of the nation’s top high 


Merit scholarships the top 5 percent of their senior 
classes. Those so designated are then invited to 
take a series of tests and to submit reports designed 
to assure selection of the very best talent in each 
state. The number of s« holarships to be allotted to 
each state will be proportionate to the number of 


high school graduates in the state. 


The winners, the total number of whom will be 
determined by the amount of money the Scholar 
will be eligible for 


awards, For those who need no financial help to go 


ship Corporation has availabl 


to college there will be honorary awards of $100 
lor those who must have help the ¢ orporation will 


grant scholarships covering as much os necessary 
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of the cost of instruction and living expenses tor 


a four-year college course. 


Colleges Get Financial Help 


The provision of funds to cover the students 
expenses does not, however, solve the financial 
problems faced by many colleges. That is because 
the tuition charges paid by the students do not 
cover the cost of the instruction, The deficit must 
be met by drawing upon endowment funds, gifts, 
grants, and other available sources 

Consequently, to prevent holders of National 
Merit scholarships from imposing any additional 
financial burden on the colleges and universities 
they elect to attend, the ¢ orporation will make a 
supplementary grant to these institutions. The sup 
plementary grant will be the equivalent of regular 
tuition charges made by the school, with a top 
limit of $1,500 a year for both the tuition and the 
supplement 

As the scholarship grants to the winning stu 
dents will vary, depending upon how much finan 
cial help they need, so will the supplementary 
grants vary from one college to another, depending 
on their regular tuition charges. However, it is 
anticipated that on the average the full cost of a 
National Merit scholarship—including aid to the 
student and the supplement to the college—will be 
about $1,500 a year. 

Many business firms will find a compelling ap 
peal in a program which is designed at once to 
mobilize the nation’s intellectual resources more 
effectively and, in the process, give very badly 
needed financial help to our colleges and univer- 


sities. 


Two For One Return Offered 


However, there are numerous other inducements 
to business firms to finance National Merit schol- 


arships. These scholarships may: 


1. Carry the name of the firm or be named 
in honor of someone designated by the firm. 

2. Be limited to use in types of colleges of 
particular interest to the sponsoring firm. 

3. Be limited to a college course, such as 
science, engineering or liberal arts, of special 
concern to the sponsor, 

4. Be restricted to candidates or institutions 


in geographic areas specified by the sponsor. 


In addition to these advantages there is a special 
financial inducement to help the Merit Scholarship 
program. It is that for every Merit scholarship a 
firm or individual finances, the Corporation will, 


up to the limit of $8 million, match the funds and 
make another National Merit scholarship available 

There are many good ways of helping our finan 
cially beleaguered colleges and universities, and 
many corporations are already using one or more 
of them.* For those companies that can do so with 
out embarrassing complications one of the best 
ways is to make unrestricted gifts directly to the 
institutions. But this new way provided by the cre 
ation of the National Merit Scholarship Corpora 
tion (Address: 1580 Sherman Avenue, Evanston, 
Illinois ) has the broad appeal of serving two pur 
poses of transcendent importance simultaneously 
The purposes are to see that our best brains are 
fully trained and utilized and that our colleges and 
universities, crucial contributors to this process, 
are helped at the same time. Business will serve 
the nation and its own community well by giving 
the National Merit Scholarship Corporation gen 


erous help. 


These, as well as the plight of our colleges and univer 
ire discussed in a pamphlet, “Business Aid to Our ¢ 
and Universities,” which embodies a series of five edite 
which appeared in all McGraw-Hill publications, Copies 
the pamphlet can be obtained without charge by addressing 
the Department of Economics, McGraw-Hill Publishing Com 
pany Ine 130 West 42nd Street, New York 36, New Yor! 
Methods of helping our colleges and universities financialls 
are also outlined and discussed in a pamphlet, “Aids to Cor 
porate Support of Higher Education,” which may be obtained 
without cost by addressing the Council for Financial Aid t 
Education, 6 East 45th Street, New York 17, New York 





This message is one of a series prepared by the 
VUcGraw-Hill Department of Economics to help 
increase public knowledge and understanding 
of important nationu ide developments that are 
of particular concern to the business and pro 
fe ssional community served by our industrial 
and technical publications. 

Permission ts freely extended to neu spapers 
groups or individuals to quote or reprint all or 


parts of the text 


PRESIDEN! 


McGRAW-HILL PUBLISHING COMPANY, INC 
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EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment 


NATIONAL". 
COVERAGE 
Ov 


rerr\\ 


VW a) 


Part Time Work 


executive, 


Positions Vacant 
Positions Wanted 


Civil Service Opportunities 


management, technical, selling 


office, skilled, manual, etc 


Selling Opportunities Offered 
Employment Agencies 


Employment Services 


Selling Opportunities Wanted Labor Bureaus 


send NEW 


LDS to CONTROL ENGINERRING 


$30 W. 42nd St.. N. ¥. 36, N.% 





for February lesue 


DISPLAYED —RATES— UNDISPLAYED 


An advertising tnch 


Ag 
$1.80 per line, minimum 
advance payment count 
as @ line, 


lines. Te 
) average 


figure 
words 


Box Numbers 


Discount of 10° 


closing December 








UNUSUAL CREATIVE FREEDOM 


1 BENAIX 


@ The center of advanced 
development activities for the 
Bendix Aviation Corporation 
offering excellent opportunities 
in design, research and devel- 
opment. 


SYSTEMS ENGINEERS 

To coordinate and supervise a 
group of engineers and mathemati- 
cians in systems analysis and design. 


MATHEMATICIANS 

Evaluation of servo control and 
guidance systems and components of 
a system Analysis of systems and 
applications. 


MACHINE DESIGNERS 

Design of automatic machine tools, 
machine tool hydraulic servos, and 
digitally controlled tools. 


CONTROLS ENGINEERS 
Analyse and synthesize control 


system and design, develop and 
package such systems. 


AVIATION RESEARCH 
LABORATORIES DIV. 


COMPUTER ENGINEERS 
Development of special purpose 

digital and analog computers for 

process and business applications. 


MICROWAVE SPECIALISTS 
Research and development in ad- 
vanced microwave techniques. 


MECHANICAL ENGINEERS 

Develop mechanical and hydraulic 
components for servo controls. Sys- 
tems engineering and dynamic analy- 
sis of numerically controlled machine 
tools. 


© Stoff will participate in the initial 
exploration of new fields and the 
development of new commercial 
products. 


All replies confidential — 
send brief resume to 
DIRECTOR OF PERSONNEL 
BENDIX AVIATION CORPORATION 
RESEARCH LABORATORIES DIVISION 
4855 Fourth Avenue ¢ Detroit 1, Mich. 








ELECTRICAL OR ELECTROMCS ENGINEER 


0-5 years experience plus degree, creative ability in 
automatic controls work. We offer singular opportu- 
nity to acquire breadth and scope of electronics-elec- 
trical instrumentation experience in a Massachusetts 
chemical plant in midst of multi-million dollar expan- 


sion program. Please send resume and salary require- 


ments to 








ENGINEER 


Aircraft Nuclear 
Power Plant Design 


For Aircraft Nuclear 


Propulsion De partment 


GENERAL QMELECTRIC 
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EMPLOYMENT OPPORTUNITIES 





92,000 hours from now! 


It is difficult to realize that this historic “flying 
machine” is just 92,000 working hours old. 

From that 1910 beginning to today’s new multi-jet 
Navy XP6M SeaMaster, Martin has developed and 
produced a new aircraft design every 1500 hours of 
the working calendar. 

On this backlog of experience— unmatched by any 
other aircraft company in the world —one of the 
youngest and most dynamic managements in the 
industry is engineering new methods that are thou- 
sands of hours ahead of the aircraft calendar. 

You would do well to find out what’s happening at 
Martin and what the opportunities there in AERO- 
DYNAMICS, ELECTRONICS, STRUCTURES, 
PROPU LSION and NUCLEAR POWER might do 
to speed up your own calendar of progress 

Contact J. M. Hollyday, Dept. C-1, The Martin 
Company, Baltimore 3, Maryland. 


RA A RAY 
Ma AA FE 8 Pa 
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ENGINEERS 


PERMANENT 
CREATIVE OPPORTUNITIES 
FOR 


ELECTRICAL 


AND 


MECHANICAL 
ENGINEERS 


Rows “di 


Immediate openings for . . . 


SENIOR COMPUTER ENGINEER 


At least five years experience with 
analog computers with control applica- 
tions. A degree in electrical engineer- 
ing, or math and physics required. 
Activity is in the field of aircraft and 
missile power plant controls, including 
gas turbine, rom jet, and rocket types. 
Work will be with hydra-mechanical 
pneumatic and electrical components. 
The fuel metering research facility in- 
cludes an analog computer and jet 
engine simulators. 


MAGNETIC AMPLIFIER 
SYSTEMS ENGINEER 


Electrical engineer supervisory capacity 
on research and development of mag- 
netic amplifier circuitry, control systems, 
and component design and testing, 
supervising other engineers and tech 
nicians. 


COMPUTER ENGINEER 


Graduate engineers thoroughly quali- 
fied as a digital computer programmer, 
capable of handling engineering and 
production calculations, to train present 
personnel in preparation of data for 
computer applications. Set up new ap- 
plications. Work with complex dynamics 
and control problems characteristic of 
the jet engine fuel system and landing 
gear fields. 


LIQUID PROPELLANT 
ROCKET CONTROLS ENGINEER 


Mechanical or electrical engineer to su- 
pervise the research and development 
of liquid propellant rocket controls, sys 
tems design, component design, de- 
velopment and testing 
The salary of these positions will be 
determined by your ability and ex- 
perience. 
Send detailed resume listing educa- 


tion, engineering experience, and 
salary requirement to: 


TECHNICAL EMPLOYMENT DEPARTMENT 
BENDIX PRODUCTS DIVISION OF 
BENDIX AVIATION CORPORATION 


401 North Bendix Drive 
South Bend 20, Indiana 


We guarantee you an immediate reply — 
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The Producer of 


The 
| FIRST NAME 
% In Complete Electronic Computing 


Yes .. . these are all-important facts 
to men who are not content to follow 
established patterns created by others 

. but seek, by their own creative 
and pioneering instinct, to lead the 
field through the development of even 
NEWER and MORE ADVANCED 
methods to be incorporated into 
UNIVAC Ill. 


Here at Remington Rand, the first 
name in electronic computing, we 
encourage creative thinking. Where 
others stop, we carry on with new 
applications and developments. That's 
why only Univac, with no “extra” 
equipment, can check its own work, 
read, write and compute simultane- 
ously. To these already proved 
superior accomplishments add the 
speed of Univac II's magnetic-core 
storage — and you have the first 
electronic business data-processing 
system to use magnetic core storage 
successfully. 


To Qualified Men 
THE REMINGTON RAND 
UNIVAC DIVISION 
Offers 
Permanent, Well Paying 
ENGINEERING /( 
POSITIONS 














WRITE OR PHONE 


D. A. BOWDOIN 


Placement Manager 


BAldwin 3-7300 


Presents 


OPPORTUNITIES UNLIMITED 


To Experienced Men .. or Those 


Recent Graduates 
Who Can Qualify As 


Electrical Engineers . . . Circuit Designers to develop 
and apply new circuit techniques. Degree in E.E. or equivalent 
experience required 


Mechanical Engineers - «+ « to design and develop 
electro mechanical devices; electronic packaging design and 
development. 


Physicists . «+ « for fundamental work in the field of ferro 
magnetism and development in Solid State components; design 
of optical systems; development of phosphors and ferromag 
netics. 


Logical Designers . « « for system design in effecting 
logical functions of electronic data processing equipment 

The above openings lie in the field of electronic or electro- 
mechanical data processing equipment, research and develop- 
ment and specifically in such areas as Magnetic Tape Mecha- 
nisms .. . Paper Handling Devices . Magnetic Drum or Tape 
Applications . . . High Speed Mechanisms Transitors 
Electronic Packaging Design .. . Servo-Mechanisms and many 
other areas of interest. 


Mathematicians > Metallurgist 
and Programmers or Physicist 

. with experience in elec- 
tronic digital computer pro- for work in Magnetic 
gramming or extensive math Alloys; strong background 
background. in Magnetic Alloys required 


Product Analysts - « »« @xperienced in customer appli 
cation of business machines or related equipment; applications 
analysis. 


In addition to the challenge of being associated with the lead- 
ing men in this field, our qualified employees benefit by a 
liberal cooperative educational aid program health and 
hospitalization benefits for BOTH you and your family 

progressive retirement plan moving and travel expenses 








UNIVAC DIVISION 


1 SPERRY RAND CORPORATION 
2300 W. Allegheny Ave. Philadelphia, Pa. 
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EMPLOYMENT OPPORTUNITIES 


1954 - 


SYLVANIA grows 33% faster 
than electronics industry 








Your Future 
Lies with a 
GROWTH 
Firm ina 
GROWTH 











Industry 


You can move up fastest and most securely with a firm that grows 


in an industry that grows. 


Projected growth of the electronics industry is more than double 
for the next ten years. Past indications prove that your best 


chance for a career is with Sylvania 


.in the past eight years 


Sylvania has grown 33% faster than the electronics industry of 


which it is a part 


Join Sylvania now and grow with it. 


WALTHAM Engineering 


Majors in E.E., M.E., Math, 
Physics. Research & Development 
experience in— 





Countermeasures 
Systems Analysis 
Transistor Applications 
Noise Studies 
Antenna Res. & Dev. 
Systems Development 
Mechanical Design 
Miniaturization 
Digital Computer 
Circuits & Systems 
Cireult Designs 
Shock & Vibration 
Technical Writing 
Missile Analysis 


Missile Systems Laboratory | 


Radar Research & Development 

Missile Guidance & Ground 
Equipment Analysis | 

Systems Evaivation Operations 
Research | 





L 


BUFFALO Engineering 


Majors in E.E., Math or Physics 
Experience in Advanced 
Development and Product Design 





Information Theory 
Advanced Circuit Design 
VHF-UHF Systems Design 
& Evaluation 
Logical Circuit Design 
Mathematical Analysis for 
Numerical Computation 
Pulse Techniques 
Data Processing Devices 
Components & their Applications 
Magnetic Amplifier Techniques 
Servo Techniques & Applications 
Digital Computer Design 
Control Circuits & Devices 


INTERVIEW & RELOCATION EXPENSES | 
WILL BE PAID BY SYLVANIA 

| 

Sylvania provides financial support for 


advenced education a1 well as liberal in 


surance, pension and medical progroms 


Please forward resume to: Professional Placement Supervisor 


Thomas A. Tierney 
100 First Ave. 
Waltham, Mass. 


| Randall A. Kenyon 
| 175 Great Arrow Ave. 
| Buffalo 7, N.Y. 


Your inquiries will be answered within 2 weeks 


¥ SYLVANIA ¥ 





ENGINEER 


An Interesting Assienment 


In an Advanced 


GUIDED MISSILES PROGRAM 


You'll be responsible for keeping 
abreast of “the state of the art” in 
evaluating, selecting and recom 
mending radiation type tuzing 
equipment for system application in 
missile atomic weapon's fuzing and 
arming systems. This includes both 
missile-borne equipment and field 
test equipment employed for radia 
tion-type fuzing. 


This position with Genera! Electric 
offers numerous personal and pro 
fessional advantages, including ex 
cellent salary fine working and liv 
ing conditions, technical courses 
and other benefits 


Please send resume to 


MK. JAMES HEVELIN 
Special Defense Projects Dept 
Koom 2064 


GENERAL € ELECTRIC 


ASSISTANT WORK MANAGER 


To set up and supervise production lines 
and for general plant supervision. An ex 
perienced, capable engineer has a real 
future with this substantial, expanding 
firm of established reputation. Located in 
Southwestern city with unusual climatic 
facilities 


advantages and recreational 


Resume will be held in strict confidence 


P8596, Cor } 
M 








ENGINEER 
M., E. or E. E. 


DIGITAL 
COMPUTER DEVELOPMENT 


Excellent opportunity to join an ex 
panding, stable company, with an out 
standing position in the precisior 
electronic control industry 
Opening now available for an engines 
able to assume responsibility f th 
development of complete systems f 
fire control and guidance, or ma 
portions of such systems. Work w 
clude research and development in tl 
dof complex analog 
puters 


r digital cor 


A degree in electrical or mechanica 
engineering is required or the equiva 
lent in experience. Send resume in cor 


fidence to 


Technical Personnel Dept. 2-500 


sion American Bosch Arma ( 
Roosevelt Field, Garden City 
Long istand, N. Y. 








SYLVANIA ELECTRIC PRODUCTS INC 
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SIMULATION 
ENGINEERING 


I ijuct syster studies on 
ROCKETS, MISSILES, and HIGH 
SPEED AIRCRAFT using the lat 


est high speed digital computers 


late andaiog 


inities exist for 


© High Speed Digital Logic 
© Automatic Control Theory 


¢ Analog Computation 
Techniques 


Please Contact 


Professional Employment 


MVE ZA FETE a 


BALTIMORE 3, MARYLAND 


HANIUUN 


TECHNICAL 


REPRESENTATIVES — 


LEAR, INC. is expanding its top 
notch Field Service organization to 
keep pace with increasingly wide 
spread military acceptance of LEAR 
flight control systems and flight 
reference systems 


Attractive salary, liberal expense 
Grrangements. Assignments may 
require travel or residence at 
assigned stations. Company ori- 
entation prior to assignment. 


Qualifications include: 


1. E. E. Degree or equivalent. 


2. Knowledge of servomechanisms, 
gyros, electronics. 


. Tech. Rep. experience. 
. Must be U. S. Citizen. 


To apply, send resume to 
Field Service Manager 


LEAR, INC. 


110 lonia Ave., N. W. 
Grand Rapids 2, Mich. 


EMPLOYMENT OPPORTUNITIES 


_ 


lf you are interested tn guide d missile Ss this book will interest you 
Here is one of the most complete guide to job opportunity in the guided m it 
held yet publi hed. In this book, you will find not only a « ‘ 
objectives and accomplishments of the Bendix Guided Mi e Section, but also 
detailed background of the functions of the various engineeru ups such a 


outline of the 


tem analysis, guidance, telemetering, steering intelligence, component evaluatior 
missile testing, environmental testing, te tequipment de ign, reliability, propulsion, 


and other important engineering operation Send for your tree copy today 


_. _—_— opportunities 


in the newest and fastest growing 


branch of the 


are now open! 


aviation industry 


Bendix job opportunities in guided missiles range from top senior engineers 
to assistant engineers, junior engineers, technicians, and a score of other 
assignments. 

Qualified men are given real job responsibility with Bendix and grow 
with the development of what is not only the nation’s most important weapon 
system, but a project that will undoubtedly lead to new and important long- 
range commercial applications. 

And at Bendix you will be associated with top missile authorities and 
have at your command unexcelled engineering and manufacturing facilities. 

If you are interested in a future in guided missiles, the first step is to fill 
out the coupon and mail it to us today. 


Missile Section, Employment 
Department N Nome 
Bendix Products Division, 
Bendix Aviation Corporation 
401 North Bendix Drive, 
South Bend, Indiana City 


Address 


Please send me a copy 
of the book “Your Future State 
in Guided Missiles.’ 





ae Se 
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EMPLOYMENT OPPORTUNITIES 
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: ELECTRONIC 
ENGINEERS 


Lerscatuorln Guided Missiles Test 
Join General Electric in a pe 


Please send reaume t 
MR. JAMES HEVELIN 
Special Defense Projects Dept., 
Rm. 206C 


GENERAL @ ELECTRIC 


2900 Campbell Avenue 
Schenectady, New York 





CHEMICAL ENGINEER 


Leading manufacturer of industrial instru 
ments located in residential community 
near Boston offers permanent position to 
qualified chemical engineer to assist 
chemical industry sales manager in ap 
plication and sales development. Two to 
five years experience in chemical plant 
design or operation or instrumentation de 
sirable. Include comprehensive outline of 


education and experience in your reply 


P-8181, Control Engineering 
330 W. 4 st New York 36, N. ¥ 











CHIEF 
ENGINEER 


Exceptional position open for graduate me 
chanical engineer, age 35-45, as head of 
an engineering department for company in 
compressed gas industry. 


Five to ten years experience required in 
product design and product engineering in 
volving manufacture of pressure requlat 
ing equipment and flow control apparatus. 
Previous experience i organizing and 
managing an gi epartment is 
referred. This is a top position with a 
eee established firm in the midwest, man 
ufacturing and distributing on a national 
basis, products used by hospitals. 

Salary open. Will pay interview expenses 
Please state education, positions e 
availability and salary desired. eplies 
confidential. 


P-8552, Contro! Engineering 
626 N. Michigan Ave., Cr ‘ 

















Electronic Mechanical 


SBel-ia- 


room to... 


Currently we seek men 
with experience im one OF 
more of the following 


e Network Theory 
« Systems Evaluations 
e Microwave Technique 
« UHF, VHF, or 
SHF Receivers 
« Analog Computers 
. Snognatie Tape Handling 
e Digital Computers 
nd 
Rada atermeasures 
e Packaging Electronic 
Equipment 
e Pulse Circuitry 
e Microwave Filters 
eo Flight Simulators 
« Servomechanisms 
e Subminiaturization 
 Electro-Mechanical 
Design 
e Small Mechanisms 
¢ Quality Control and 
Test Engineers 


many gr 
number 
and f 


a private 











3000 


More and more these days you hear top engineers talk about the 


professional growth and advancement. Our new laboratory 
is an engineer's dream come true 


by and constructed for the ENGINEER 


We are located in Fairfax County of northern Virginia where 
housing is reasonable and plentiful 


suburban atmosphere, we are only 10 miles from the 


advantages. Here you and your family can grow in an 


Send resume to Technical Personne! Representative, 


melpar, inc. 


A subsidiary of the Westinghouse Air Brake Co 


GhOW 


AT MELPAR 


owth opportunities at Melpar. With an increasing 
of significant electronic projects, an enlarged staff 
acilities, Melpar provides many opportunities for 


a building conceived 
265,000 


sq. ft. of complete engineering facilities 


whether you desire 
home or an apartment. Although we are in a truly 
nation's capital with all its recreational and social 


environment to match your professional growth 








PROFESSIONAL 
SERVICES 








Research 
Testing 
Design 
Patents 





= 


@ Instrumentation 
© Control Systems 
® Economic Studies 
® Management 











‘ ‘ ' 


GEORGE P. ADAIR ENGINEERING CO 











Arlington Bivd., Dept.C-17 Falls Church, Va. 


11 Galen Street, Watertown, Mass. * 99 First St. Cambridge, Mass 








CONTROL TRANSMITTER 


CLASSIFIED ADVERTISING 
SALES @ BUSINESS 


EQUIPMENT (Used or Resale 


“OPPORTUNITIES” 


UNDISPLAYED RATE 
(Not available for equipment advertising 


$1.80 per line, minimum 3 lines. To figure 
advance payment count 5 average words to 
a line 

DISPLAYED RATE 
The advertising rate is $17.80 per inch for all 
advertising appearing on other than contract 
basis. Contract rates quoted on request 
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FOR RATES OR INFORMATION 
About Classified Advertising 








7) 
MINIATURE AIRCRAFT © ‘ a) g 
TELEPHONE TYPE * HERMETICALLY 
SEALED * SENSITROLS * STEPPING 
SWITCHES * GUARDIAN * KURMAN * 
ALLIED * SIGMA ®* LEACH and many others 


— STOCK OF RELAYS IN THE WORLD 
PRODUCTION QUANTITIES IN STOCK 


Send for our latest bulletin C 








( RM 324 CANAL ST. LY. 13, N.Y. Walker 5-9642 
NiVEFsal general corp. 





NEW ADVERTISEMENTS 


received by December 29th will 
in the February issue subject to 
tion of space available. 
to the 


appear 
limita 
Address copy 


CONTROL ENGINEERING 
Classified Advertising Division 
320 W. 42nd St New York 36, N. Y 





Contact The McGraw-Hill 
Office Nearest you. 


ATLANTA, 3 LOS ANGELES, 17 
1321 Rhodes 1111 Wilshire Bivd 


Haverty Bldg MAdison 6.4323 
WAlinut 5778 


NEW YORK, 36 
330 West 42 St 
LOngecre 4.3000 
R. LAWLESS 

W. SULLIVAN 
D. COSTER 


BOSTON, 16 
350 Park Savore 
HUbberd 2.7160 
P. McPHERSON 


CHICAGO, 11 

520 No. Michigan Ave 
MOhowk 4.5800 

H. BOZARTH 

W. HIGGENS 


PHILADELPHIA, 3 
17th & Sansom St 
Rittenhouse 6.0670 
E. MINGLE 

CLEVELAND, 15 o, WILLIS 

1510 Hanne Bidg 
SUperior 1-7000 
C. J. LOUGHLIN 


PITTSBURGH, 22 
919 Oliver Bidg 
ATlantic 1.4707 
DALLAS, 2 
Adolphus Tower Bidg. 5ST. LOUIS, 8 
Main & Akard Sts 3415 Olive St 
Jefferson 5-4867 
DETROIT, 26 
856 Penobscot Bidg 
WOodward 2.1793 
SEEGAR 


SAN FRANCISCO, 4 
68 Post St 
DOuglas 2-4600 
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NEW" 
Electro 
TTT ENTHIN IC 
Transducer 


generates usable voltages 


from 


without contact 


MODEL 3030 


Latest addition 
to the complete Electro line 
of transducers 
known for precise measurement 
of speed, control 
and counting applications. 


The new 3030 Electro 
Magnetic Pickup is a small, 
rugged impulse-generating 
transducer which converts 
even very slow, low excita 
tion mechanical motion to 
usable electrical energy. Its 
output is proportionate to 
speed of exciting metal ob- 
ect twice as great in the 
ons excitation ranges as that 
of the standard 3010-A, 
which it supplements 


High temperature, super-sensitive 
ae 3030-HTAN available - 


Write for details and data today! 


Ts electro Miley 


ELECTRO PRODUCTS LABORATORIES 


4501-C Ravenswood Ave., Chicago 40, Ill 
Canada Atlas Radio, Ltd., Torente 
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523 Main Street, Acton, Mass 
COlonial 3-771! 
West Coast Mail Address 
Box 3941, No. Hollywood, Calif 














Designed for those applications where less than the best 
means failure ... by the world’s first and leading manufacturer of 
precision single-turn wire-wound potentiometers. Advanced production 
and quality-control techniques by the pioneer in mass production 
of precision potentiometers offer unequalled delivery ... of proto- 


type and production quantities. 


All models of the TI Sall-Bearing Seri ie designed to the 
latest industrial dimensions. Servo mounting is ALA standard. Stainless 
steel ball-bearing construction is used for low-frictio low-torque 
operation Other precision mechanical features include precious-metal 
slider contacts centerless ground stainless-steel j and one 
piece stainless-steel clamp ring developed by TI w simple, preciss 
phasing of individual units of ganged assembli 


Designed for precision applications in automatic control tem 
the subminiature ST0O9, for « xample features standard independent 
linearity of +1% (0.3%, special) of the total resistance, and 45%, stand 
ard total resistance accuracy. High resolution equivalent noise resist 
ance less than 140 ohms wide standard temperature rang 959 ¢ 
to 80°C) increases application versatility. ST09 ts available | tandard 


resistances of 100, 200, 500, IK, 2h, 5k, LOK, and 20k 


Full specification on the ST09 and other units of the TH 


pr 
cision ball-bearing series available upon request 


TECHNOLOGY INSTRUMENT CORP. 





PRESSURE 
INDICATING 
CONTROLLERS 


Fischer & Porter now proudly offers 

a complete line of pressure instruments 

for one week shipment from stock. These 
accurate pressure instruments may be 
used to measure vacuum pressure or gauge 


pressure from absolute zero to 1,000 psig. 


INDICATING 
PRESSURE 
TRANSMITTERS 


The pressure elements are available in 

brass, 316 stainless steel, phosphor bronze and 
berryllium copper. Guaranteed accuracy of 

all instruments is 1‘< of full scale, with 
positive over-range and under-range protection 
built into each instrument. Recorders, 
recording controllers, indicators, indicating 
controllers and pneumatic transmitters are 
available for one week shipment. 


But why wait until an emergency demands 
fast delivery? Why not get to know the entire 





F&P instrument line better, now? A word 
from you will bring completely detailed 
information without obligation. 


Fischer & Porter is in the instrument business é per CONTROLLERS 
to assist you. Doing it expertly and well 

has helped F&P grow. Get to know 

F&P better, call on F&P for a single 

instrument or a complete process 

instrumentation system. 


Fp FISCHER & PORTER CO. 


716 COUNTY LINE ROAD, HATBORO, PENNA. 





™ , PRESSURE 
LA1054 ed i i ™* RECORDERS 





